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HE word ‘‘choleresis’’ is here used in the sense advocated by Brugster and 
Horster.t It stands in the same relation to the secretion of bile that the 
word ‘‘diuresis’’ does to the secretion of urine. A substance that increases bile 
production is, according to this terminology, called a diuretic as contradistin- 
guished from a cholagogue, a substance that promotes the expulsion of bile. 

That bile salts, when absorbed, stimulate the further production of bile, 
has been established beyond reasonable doubt by Schiff,? Rosenberg,’ Okada,* 
Foster, Hooper and Whipple,’ Specht,® Mellanby,’ and numerous others after 
them, prominent among the recent workers being Chabrol® and his collaborators. 

The work of Doyen and Dufourt,® showing that soap causes a slight diminu- 
tion in the bile secretion during the first twenty-four hours, prompted Okada‘ 
to investigate the effect of sodium oleate as a choleretic. He found that sodium 
oleate, after ingestion, exerts quite a powerful stimulating effect on bile pro- 
duction. Chabrol and Charonnat*® found that oleic acid as well as sodium oleate 
administered both intravenously and into the duodenum caused a marked 
choleresis. 

As far as could be determined from a review of the literature, little work 
of any consequence has been done on the potentiation of one choleretic by - 
another on experimental animals. Meissner’? investigated the effects on bile 


*From the Laboratory of Surgical Research, New York University, and Bellevue Hos- 
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secretion of salicylic acid and the sodium salt of cinnamie acid and of benzoic 
acid and theobromine salicylate. Finkelstein and Lipschutz™ showed on human 
subjects with the aid of the duodenal tube, that when bile salts were injected 
into the duodenum, the biliary output as compared with control periods aver- 
aged 91 per cent; but that when oleic acid was administered with the same 
dose of bile salts the increase was over 143 per cent. Under their experimental 
conditions, however, it was impossible to eliminate the cholagogue factor of 
both the substances used. 

The purpose of the work to be reported below is to determine whether 
relatively small doses of bile salts combined with small doses of oleic acid, 
cause a larger flow of bile than when these two cholereties are given separately. 


EXPERIMENTAL PROCEDURE 


Twenty-four picked animals were used in this investigation. They were 
all healthy, young adults, all weighing 15 kilograms at the time of the 
experiment. The food was the stock feed of scraps, used in the laboratory 
kennels, and given twenty-four hours before the experiment. All the animals 
were anesthetized with nembutal* (pento-barbital) 750 mg. per dog, given 
intravenously ten minutes before the operative preparation. In order to insure 
a uniform anesthesia, each animal was given 100 mg. more of nembutal each 
hour after the initial dose, until the termination of the experiment. 


The operative procedure was similar to that used by Chabrol.§ The abdom- 
inal cavity was opened through a midline incision. The common duct was 
cannulated, and the cannula connected with a rubber tubing through a U-shaped 
glass tube after the method of Rous and MeMaster.’* The rubber tube was 
then made to project out of the abdominal cavity into the collecting vessel. The 
gallbladder was segregated by a ligature around the common duct. For the 
instillation of the choleretics into the duodenum, a moderately rigid rubber 
tube was introduced through a small opening on the anterior wall of the 
pylorus into the duodenum. This tube was anchored to the pyloric wall by a 
purse-string suture and was just long enough to project out of. the abdominal 
cavity. When not in use, it was kept closed with a screw clamp. The abdomen 
was closed around the two outjutting tubes at the completion of the operation. 

Specimens of bile were collected every half hour until a level or a down- 
ward trend in the amounts for three successive periods was obtained before 
the choleretic substances were instilled through the tube leading into the duo- 
denum. In some experiments this level or downward trend was attained in 
four collections, in others, in five, or six collections. Inasmuch as this time varia- 
tion was evenly distributed in the three series, it was not taken into considera- 
tion as a possible source of error. 

The collection after the instillation of the cholereties was continued for 
three more periods. This was done because in preliminary experiments it was 
found that under the above experimental conditions and in the doses of 
choleretics used, the increased bile flow was evident in the first three half hour 


*Grateful acknowledgment is made of the nembutal kindly furnished us by the Abbot 
Laboratories, New York, New York. 
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collections after administration, and that in the fourth period the yield was 
back to nearly that of the period immediately before the administration. The 
‘otal collection of the three postinstillation periods, was, therefore, deemed to 
he a faithful representation of the increased choleresis induced by the choleretics. 
The amounts collected during the three half hour collections prior to the in- 
stillation of the choleretics were used as the controls, 

The twenty-four experiments were divided into three series of eight experi- 
ments each. The first eight dogs were given bile salts in the dosage of 150 mg. 
each of sodium taurocholate and sodium glycocholate, in 10 ¢.c. of water. The 
second series were given 3 c.c. of oleic acid with 7 ¢.c. of water, and the third 
eries 150 mg. each of sodium taurocholate and sodium glycocholate, plus 3 c.c. 
of oleic acid and enough water to make up to 10 e.c. 


The protocols are reproduced in table form (Tables I, II, and IIT). 


DISCUSSION 


It will be seen from Table I that in this series five showed a rise after the 
administration of bile salts, while three showed a fall. Thus bile salts failed 


TABLE I 


Series I—BILE SAuts* 


TOTAL AMOUNT OF 
BILE COLLECTED IN 
THREE HALF PER CENT 


BILE COLLECTED IN % | BILE COLLECTED IN % 
HOUR PERIODS BEFORE HOUR PERIODS AFTER 


EXPER. ADMINISTRATION ADMINISTRATION mous INCREASE 
3RD 2ND Ist 1st 2ND 3RD 
PER. PER. PER. PER. PER. _ | o- 
.C. C.C. C.C. C.C. 
1 2.1 1.5 1.1 1.1 1.4 0.8 4.7 3.3 —29.8 
2 1.6 1.5 1.1 1.0 1.7 1.3 4.2 4.0 — 4.8 
3 1.3 A 1.1 2.5 2.4 1.6 3.5 6.5 85.7 
4 0.9 0.8 0.8 Ld 1.2 0.8 2.5 3.1 24.0 
5 2.3 2.3 2.3 2.6 2.8 2.5 6.9 7.9 14.5 
6 1.5 14 1.4 2.1 2.7 2.6 4.3 7.4 72.1 
7 0.6 0.6 0.6 0.6 1.2 1.4 1.8 3.2 77.8 
8 2.2 1.8 1.4 1.4 2.0 0.5 5.4 3.9 -27.8 
Average : 4.16 4.91 18.0 


*150 mg. each of sodium taurochoiate and sodium glycocholate administered into the 
duodenum alee the first three collections. 


as a choleretic in 37.5 per cent of the experiments. In the former group the 
highest yield was 85.7 per cent above the control period. The average of the 
total of the three collections after administration in the. eight experiments was 
18 per cent above that preceding administration. 

Of the eight experiments in Table II, again five showed a rise after oleic 
acid and three showed a fall. The percentage failure is here the same as in 
Series I. The highest percentage rise in this group was 100 per cent, and the 
average of the total of the three half hour collections after the administra-— 
tion was higher by 18.3 per cent than that of the same periods before. It is 
apparent that the dose of bile salts and of oleic acid used here had about 
the same choleretic power. 
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TaBLe II 
Series II—O.ueic Acip* 


TOTAL AMOUNT OF 


1 
BILE COLLECTED IN % | BILE COLLECTED IN 4% BILE COLLECTED IN 


HOUR PERIODS BEFORE HOUR PERIODS AFTER 


THREE HALF PER CENT 
EXPER. ADMINISTRATION ADMINISTRATION mewn INCREASE 
3RD 2ND 1st 1st 2ND 3RD 
PER. PER. PER. PER. PER. PER. serene Aveas 
C.C. c.c. c.c. c.c. c.c. C.c. 
1 0.8 0.6 0.4 0.3 0.3 0.7 1.8 1.3 -27.8 
2 0.5 0.5 0.4 0.5 1.0 0.9 1.4 2.4 71.4 
3 0.9 0.6 0.6 0.8 0.5 0.4 2.1 1.7 -19.0 
4 0.7 0.7 0.6 0.6 0.8 1.0 2.0 2.4 20.0 
5 0.6 0.6 0.6 0.6 1.2 1.4 1.8 3.2 77.8 
6 2.6 2.0 1.6 2.4 1.4 5 Oe 6.2 4.9 -21.0 
7 1.3 0.7 0.7 13 2.1 Fe | 2.7 4.4 63.0 
8 0.4 0.4 0.4 0.8 1.0 0.6 1.2 2.4 100.0 
Average 2.4 2.84 18.3 


*3 c.c. of oleic acid in 7 c.c. water. 


Table III, which represents the series of eight experiments in which the 
bile salts and oleic acid were combined, shows some striking figures. All the 


TABLE III 
Series III—O.eEIc Acip PLus SALTs* 


TOTAL AMOUNT OF 
BILE COLLECTED IN 


BILE COLLECTED IN 1% | BILE COLLECTED IN % 
HOUR PERIODS BEFORE HOUR PERIODS AFTER 


THREE HALF PER CENT 
EXPER. ADMINISTRATION ADMINISTRATION mecanase 
3RD 2ND 1st 1st 2ND 3RD 
oun. ona. BEFORE APTER 
1 1.1 1.1 0.9 1.6 1.3 0.9 3.1 3.8 22.6 
2 0.7 0.7 0.7 1.8 2.2 2.2 2.1 6.2 195.2 
3 0.7 0.6 0.6 2.0 2.7 2.7 1.9 7.4 298.5 
4 0.7 0.7 0.5 2.1 1.9 1. 1.9 5.8 205.4 
5 0.4 0.4 0.4 1.0 0.5 0.5 1.2 2.0 66.7 
6 1.4 3 0.8 1.4 1.8 1.5 3.4 4.7 38.2 
7 1.5 1.1 0.6 2.4 1.3 0.9 3.2 4.6 43.8 
8 2.1 1.9 1.6 3.2 3.4 3.1 5.6 9.7 73.2 
Average 2.82 5.53 97.5 


*150 mg. each of sodium taurocholate and sodium glycocholate plus 3 c.c. oleic acid. 


experiments (100 per cent) showed an increase in bile output after the admin- 
istration of the combined choleretics. Three experiments showed yields of over 
100 per cent: Exper. III with 289.5 per cent; Exper. IV with 205.4 per cent, 
and Exper. II with 195.2 per cent. Any one of these three figures exceeds the 
sum of the highest yields in Series I and II. The average of the total of the 
collections after the administration was 97.5 per cent higher than that of the 
same period before. This percentage is almost three times the sum of the two 
corresponding figures in Series I and II. 

It is thus seen that the combination of the two cholereties potentiate each 
other to a remarkable degree, whether judging from the number of experiments 
in each group in which a rise was registered, the percentage rise of the indi- 
vidual experiments in the three different series, or the ratio between the aver- 
age of the total yield before and that after the administration. The potentiation 
is so striking as to merit the term synergism. 
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SUMMARY 


In three series of experiments of eight experiments each, on the dog, 
in whieh the weight factor, the diet, the anesthetic level, and the dose of 
cholereties given were kept constant, it was shown that choleresis caused by 
the combination of relatively small doses of oleic acid and of bile salts was 
much more marked than would be expected from the sum of the effects of the 
same doses of bile salts and oleic acid administered separately. 
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THE RELATIVE EFFECTS OF DIATHERMY AND INFECTION ON THE 
PLASMA PROTEINS, PLASMA VISCOSITY AND SUSPENSION 
STABILITY OF THE BLOOD IN DOGS* 


JOHANNES K. Moen, M.D., Grace Mepes, Px.D., I. CHALEK, B.S., 
MINNEAPOLIS, MINN. 


HE beneficial effect of fever in the defense mechanism against infection was 

reviewed in a recent report by Reimann.’ He also showed that an increase 
in plasma viscosity depending on an increase in the fibrinogen and globulin 
fractions of the blood enhanced specific agglutination and suggested that these 
protein changes which occur during infectious diseases play an important rdle 
in immune processes. In a previous study on lobar pneumonia? a prompt in- 
erease in the plasma globulin and fibrinogen fractions together with increased - 
plasma viscosity was observed within a short time after the initial chill. It 
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seemed possible that the high fever associated with this disease together with 
the severe toxemia may have been an important factor in inducing these blood 
protein changes. 

Recent publications indicate an increasing use of artificial fever in th: 
treatment of various diseases. The tendency toward the substitution of diathermy 
for the older and more difficultly controlled methods of inducing therapeutic 
pyrexia by infections or by the injection of foreign proteins necessitates inquiry 
as to how far increased body temperature resulting from diathermy duplicates 
the effects of fever due to infection or to the injection of foreign protein. 

The object of the present study is to compare the relative effects of pyrexia 
produced by diathermy on the plasma proteins, the plasma viscosity and the 
suspension stability of the blood with the changes produced by experimental 
infectious fever of comparable duration. A search of the literature revealed that 
comparatively few observations have been made on the influence of diathermy 
and the ultra high frequency current on the blood proteins. Frisch and Star- 
linger* and Hirsch* observed slight changes in the blood proteins after local 
diathermy for short periods. Knudson and Schaible*> noted a slight increase 
in the total blood proteins of dogs heated by the ultra high frequency current. 


METHODS 


The first experiments were made on rabbits, but it was found that these ani- 
mals succumb rapidly after being heated by diathermy. Dogs weighing from 10 
to 16 kg. were then used. Nembutal (sodium-ethyl, l-methyl-butyl barbiturate) in 
an initial dose of 30 to 40 mg. per kg. of body weight was given intravenously 
as a sedative. The effect of this drug lasted from four to eight hours. If subse- 
quent restlessness occurred smaller supplementary doses were given subcutane- 
ously. Nembutal anesthesia was also employed before intraperitoneal and intra- 
bronchial inoculations. This drug had but slight effect in reducing the normal 
temperature in an oceasional dog. In one animal, a maximum reduction of 1° C. 
occurred in five hours. 

During the diathermy treatment, the anesthetized animal was suspended in 
a hammock with its head supported in a sling. Excessive loss of body heat and 
moisture by respiration was prevented by the inhalation of steam rising from 
a basin of hot water on an electric plate under the dog’s head, which was covered 
by a hood. Rectal temperature was measured at one-half to one hour intervals. 
Water was supplied through a stomach tube. The animals were weighed before 
and after treatment. The Fischer diathermy machine, type CDC with a spark 
gap oscillator of an approximate frequency of 1,000,000 cycles was used. Copper 
gauze electrodes 10 by 15 em. sewed to cotton pads 1 em. thick and soaked in a 
sodium chloride solution were fixed with bandages to the shaved sides of the 
dog. <A current density of approximately 10 milliamperes per square centimeter 
of electrode area was employed to raise the dog’s temperature to the desired de- 
gree. The amount of current necessary to maintain the temperature at a certain 
level varied in different animals. 


In order to produce a severe infection with rapid onset which would be 
accompanied by a fever, similar in degree to the pyrexia evoked by diathermy, 
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peritonitis was caused by the intraperitoneal injection of 5 to 15 ¢.c. of a saline 
suspension of dog feces (5 gm. per 15 ¢.c. suspension). In two instances, 3 c.e. 
of an eighteen-hour blood broth culture of Type I pneumococeus in 16 per cent 
-elatin solution were injected intrabronchially in an attempt to produce a pneu- 
mionia. In one animal, 3 ¢.c. of a Type I broth culture of pneumococeus were 
injected intrapleurally, and another was injected intraperitoneally with 10 c.e. 
of a broth culture of B. welchit. 

Twenty to 25 ¢.c. of blood for analysis were withdrawn from the jugular or 
ig veins with a minimum of stasis, and oxalated. In some instances in which 
ine animals were moribund blood was obtained by cardiac puncture. Plasma 
, rotein fractions were determined by Berglund’s® modification of Howe’s method 
sing sodium sulphate as a salting-out agent. Nitrogen determinations were 
made by the micro-Kjeldahl technic. The sedimentation time of erythrocytes 
was determined in a manner similar to that described in a preceding paper.? The 
longer sedimentation time of normal dogs’ blood as compared to that of human 
blood is possibly due in part to the lesser amount of blood protein and the greater 
number of erythrocytes in dogs’ blood. The viscosity of the plasma, and in 
several instances the viscosity of the whole blood was measured with the Hess 
viseosimeter. Corpuscle and plasma volume determinations were made by 
centrifugation of blood in a tubereulin syringe at 2,000 revolutions per minute 
for one-half hour. 


RESULTS 


Effect of Pyrexia Produced by Diathermy on the Protein Fractions and 
Viscosity of the Plasma.—Kight dogs were heated with diathermy for variable 
periods of time. Pyrexia usually developed within one hour after starting 
diathermy. The duration of the fever was ten hours in three dogs, eight hours 
in two dogs and nine, eleven, and twelve hours in each of three dogs, respectively. 
The maximum temperature attained in the animals varied from 40.5° C. to 
42.5° C. The four dogs heated to the highest temperatures died shortly after 
completion of the experiment. One dog heated to a maximum of 41° C. with an 
average temperature of 40.5° C. for ten hours, died about eighteen hours after 
completion of the experiment. The other three dogs heated for eight, ten, and 
twelve hours survived. When the desired temperature had been reached in 
several of the dogs, diathermy was discontinued and the temperature was main- 
tained at a fairly constant high level by the inhalation of steam; for instance, 
after raising the temperature in one animai, diathermy was discontinued and the 
temperature was maintained between 41° C. and 41.3° C.-for nine hours by steam 
inhalation. In several dogs, intermittent use of diathermy was sufficient to 
maintain pyrexia. 

. The effect of pyrexia produced by diathermy on the total plasma protein was 
variable (Table I). In two dogs (3 and 5) an inerease in amount occurred with- 
in a few hours and in six dogs a decrease was noted. The total globulin fraction 
was decreased in five dogs and only slightly increased in three (3, 4, and 13). 
The amount of fibrinogen was decreased in four instances (2, 3, 12, 13) and 
slightly increased in four (1, 4, 5, and 6). The most constant changes in the 
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plasma protein fractions were a slight increase in amount of albumin and a 
corresponding decrease of total globulin. The viscosity of the plasma was usually 
unchanged. 

Effect of Severe Rapidly Fatal Peritonitis on the Protein Fractions and 
Viscosity of the Plasma.—Six dogs were injected intraperitoneally with 5 to 15 
«.e, of a saline suspension of dog feces. Four of the six dogs were moribund 
vithin twelve hours. Blood proteins were determined usually before and from 
ight to twelve hours after the fecal injection. Five of the six dogs developed 
‘ever about three hours after the fecal injection with maximum temperature be- 
‘ween 40.6° C. and 42° C. One animal developed no fever and died in a condi- 
‘ion of shock eight hours later. 

The total plasma proteins were slightly increased (Table IL) in four animals 
and slightly decreased in two during the first twenty-four hours. The fibrinogen 
was appreciably increased in two animals (9 and 10), decreased in one (14) 
and remained unchanged in three (4, 8 and 12) during twenty-four hours. In 
Dog 12, the total protein increased to 6.35 gm. and the fibrinogen to 0.82 gm. 
five days after infection. There was a slight increase in the albumin fraction 
in five dogs and a slight decrease in the total globulin fraction in three. The 
euglobulin and pseudoglobulin fractions were variable. 

Only slight changes in the plasma viscosity were noted in these six animals. 
The viscosity of the whole blood in Dog 10 before and after infection was found 
to be 4.9 and 8.2, respectively. The increase was due apparently to the marked 
inerease in red cell volume from 33 to 62 per cent. 

Effect of Prolonged Infections on the Plasma Proteins and Viscosity of the 
Plasma.—Three dogs were used. A number of procedures were carried out on 
two of the animals. Dog 6 was injected intraperitoneally with 15 ¢.c. of a suspen- 
sion of feces. This was followed by a fever of 40.4° C. The animal recovered 
rapidly and the next day the temperature was normal. Unfortunately the blood 
specimen taken before the intraperitoneal injection was accidently discarded. 
However, twenty-four hours after the fecal injection the blood protein fractions 
were within normal limits as shown in Table III. Two days later or three days 
after the fecal injection, marked changes in the blood proteins were observed. 
The total plasma protein increased from 5.60 gm. per 100 ¢.c. to 8.51 gm., the 
fibrinogen from 0.54 gm. to 3.44 gm., the total globulin from 2.62 gm. to 5.48 
gm. while the amount of albumin did not change. Ten cubic centimeters of a 
brain broth culture of B. welchii were then injected intraperitoneally, and 
twenty-four days later 3 ¢.c. Type I pneumococcus in 16 per cent gelatin solu- 
tion were injected intrabronchially with no apparent effect on the animal. After 
fifty days the fibrinogen and total globulin were still increased, although reduced 
from the maximum figures observed three days after the fecal injection. The red 
cell volume in this dog varied from 22 per cent to 56 per cent, the higher values _ 
occurring during periods of fever. The viscosity of the plasma was increased 
from 1.70 to 1.90 during the period of high total globulin and fibrinogen. 


In Dog 11, 3 ¢.c. of an eighteen-hour blood broth culture of Type I pneumo- 
coceus in a 16 per cent gelatin solution were injected intrabronchially in an 
attempt to produce pneumonia. Practically no fever developed and the next 
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day the dog appeared well. At the end of four days, during which time the 
temperature was normal, the blood fractions showed only minor changes. Thre« 
cubie centimeters of Type I pneumococcus broth culture were then injected in- 
trapleurally. One-half hour following the intrapleural injection, the anima! 
developed a severe chill, but fever did not develop. Seven days after the intra- 
pleural injection, marked changes in the blood proteins were observed with in- 
crease in the total plasma protein, the total globulin and fibrinogen. The fibrin- 
ogen especially increased, rising from 0.63 gm. to 1.50 gm. After a period oi 
seven days, 5 ¢.c. of a fecal suspension were injected intraperitoneally, following 
which the animal developed a fever reaching 40.4° C. Twenty-four hours later 
the dog was moribund and died shortly after blood was taken for analysis. The 
albumin fraction was increased and the total globulin fraction decreased as in 
the preceding experiments in which peritonitis was produced. In spite of the 
total globulin decrease, the fibrinogen showed further increase to 1.63 gm. 


Dog 15 was injected intraperitoneally with 15 ¢.c. of a fecal suspension. A 
maximum temperature of 41° C. was reached four hours later, but the next day 
the temperature returned to normal. The changes in the plasma proteins, erythro- 
eyte volume and plasma viscosity (Table III) were similar to those deseribed 
in Dogs 6 and 11, The total plasma protein and fibrinogen had decreased by the 
end of ten hours but two days later both were increased, especially the fibrinogen. 
On the other hand, the total albumin increased slightly and the total globulin 
diminished. The viscosity of the plasma was greatest at two days when the 
fibrinogen was at its height. 

Effect of Pyrexia Produced by Diathermy and by Infection on the Sedi- 
mentation Time and Red Cell Volume Percentage -—A constant increase in the 
sedimentation time of erythrocytes was noted during fever whether it was pro- 
duced by diathermy or by infection. A numerical value for the sedimentation 
time was not possible in many instances as the red cell volume did not settle to 
the arbitrary level used in our method. The increased suspension stability of the 
blood was probably accounted for by the increase in red cell volume percentage 
which many have shown to have a direct bearing on erythrocyte: sedimentation. 
The erythrocyte volume was increased 5 to 55 per cent above the normal during 
diathermy heating and 43 to 100 per cent above the normal during fever of in- 
fectious origin. The sedimentation time approached normal in the animals that 
survived diathermy heating when the red cell volume percentage dropped to its 
former level. In the animals with prolonged infections, the sedimentation time 
was shortened when the cell volume was normal and the globulin and fibrinogen 
fractions increased. 


DISCUSSION 


In drawing conclusions from our findings, attention must be directed to the 
fact that strictly comparable conditions could not be obtained in the three sets of 
experiments because of the inability of the animals to survive the desired degree 
and duration of pyrexia produced by diathermy. Therefore no measurements 
have been made of the protein fractions of the dogs heated with diathermy after 
the length of time that had to elapse before a significant change had taken place 
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in the dogs which had infectious fever. The marked increase in red cell volume 
percentage during fever with probable decrease in total blood and plasma volume 
.lso added complicating factors. 

In Table IV are recorded the mean values of rectal temperature, plasma 
viseosity, total plasma protein, and the various protein fractions during the con- 
‘vol periods and the three experimental periods, together with the probable errors 


TABLE IV 


MEAN VALUES OF RECTAL TEMPERATURE, BLOOD Viscosity, TOTAL PLASMA PROTEIN, F1BRINO- 
GEN, TOTAL GLOBULIN AND ALBUMIN DuRING ConTROL PERIODS, DuRING DIATHERMY 
AND IN THE COURSE OF RAPIDLY FATAL AND PROLONGED INFECTIONS 


0. 0. RAPIDLY 0. = 
INFECTIONS 

Rectal tempera- 

ture 16 | 38.4+0.11| 8 |40.7+0.15 8 | 40.6+0.09 | 11 39.2 + 0.20 
Plasma viscos- 

ity 13 | 1.62+0.02} 6 |1.56+0.03 7 1.69+0.03 | 10 1.83 + 0.02 
Total protein 

gm./100 ¢.e. 16 | 5.42+0.06; 11 | 5.33+0.07 8 5.74+0.05 | 11 6.37 + 0.19 
Fibrinogen 

gm./100 c.e. 16 | 0.50+0.04) 11 | 0.89+0.05 8 | 0.55 + 0.08 11 1.25 + 0.18 
Total globulin 

gm./100 e.e. 16 |2.53+0.09| 11 | 2.35+0.12 7 2.57+0.16 | 11 3.22 + 0.19 
Albumin 

gm./100 16 | 2.86+0.06| 11 | 2.98+0.12 7 3.07+0.15 | 11 3.15 + 0.11 


of the means. In Table V are the ratios of the differences of the means to their 
probable errors computed for the control periods (a) and of the three experi- 
mental periods (b). According to statistical standards, when this ratio is 
greater than 3 the difference between the means becomes of significance, when 
approximately 3 it is of doubtful significance, and of no statistical significance 
when less than 3. 

Increase of total protein was apparently not dependent upon elevated tem- 
perature, since the group subjected to diathermy, in which temperature was 
definitely raised, showed no rise in plasma proteins and in the group with pro- 
longed infection, the proteins rose while the rise in temperature was only slight. 
In the ease of the rapidly fatal infection, with high fever, the total protein was 


TABLE V 
Mb - Ma 


2 2 
+ PE? 


CONTROL (A CONTROL (A 
FECTION (B) TION (B) 
Rectal temperature + 12.63 + 16.05 + 3.50 
Plasma viscosity -— 1.93 + 1.84 + 7.76 
Total protein — 0.98 + 4.26 + 4.85 
Fibrinogen - 1.81 + 0.21 + 3.69 
Total globulin - 1.20 - 0.11 + 3.00 
Albumin + 0.88 + 1.53 + 2.64 
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higher than normal. It seems then that elevation of the total protein level in 
these experiments was associated with infection regardless of type and not with 
pyrexia. 

The increase in total protein was not associated invariably with increase 
of either fibrinogen, albumin, or total globulin. In the ease of the rapidly fatal 
infection the reaction of each group was so variable that none showed a significant 
rise, whereas, in the prolonged infection, the ratios of the differences of the 
means to their probable errors recorded in Table V indicate that the rise in value 
of the fibrinogen is of definite statistical significance, and the increases in both 
albumin and globulin approach significant ratios. These findings are in accord 
with those of Hurwitz and Meyer’ and others who showed definite increases in 
the globulin fraction during various immunization processes in which fever was 
not a prominent feature. 

Plasma viscosity was moderately increased only in the group with prolonged 
infection. Its rise was, therefore, not associated with a high fever but with a 
high fibrinogen and total globulin content of the blood as seen also from inspec- 
tion of individual eases in Table III. 

The concentration of the blood with marked increase in the red cell volume 
percentage following artificial heating of dogs has been observed by others.® The 
total blood volume was found to be definitely decreased during heating with the 
ultra high frequeney current® and with diathermy.’ That these changes cannot 
be accounted for on the basis of general body dehydration was indicated by our 
experiments in which loss of body weight was prevented by the giving of water 
by stomach tube and by the inhalation of water vapor. Some of the animals 
gained slightly in weight during diathermy heating due to excessive water intake. 
It would appear that a redistribution of the plasma with a shift from the blood 
to the tissue spaces had occurred. 

Interpretation of the sedimentation times of erythrocytes in regard to their 
correlation with the plasma protein changes was difficult of analysis because of 
the marked increase in the red cell volume during fever. The increase in the 
suspension stability of the blood during fever in dogs appeared to be directly 
proportional to the percentage increase of erythrocyte volume. Others® have 
also found an increase in suspension stability during diathermy heating, while 
Bernet,’® on heating rabbits for shorter periods, found no change. 


SUMMARY 


1. Slight and variable changes were produced in the plasma protein frac- 
tions of dogs by pyrexia due to diathermy over periods of from eight to twelve 
hours. In general, the changes were in the direction of a reduction, but in no 
ease did this reduction attain a statistically significant value. 

2. During infectious fevers of short duration the total protein was definitely 
elevated, but the shifts in the individual fractions were so variable that in no 
single fraction was the rise significant. 

3. In certain prolonged infections even without marked rise of body tem- 
perature the total protein was definitely elevated. Albumin, total globulin and 
fibrinogen were all increased in amount, the rise in fibrinogen being most marked. 


by 
x 


DESTRUCTION OF PYOGENIC BACTERIA IN THE ALIMENTARY 


Witu1AM Rosinson, Pu.D., AND VERNON H. Norwoop, M.D., Wasuineton, D. C. 


N THEIR natural surroundings, blowfly larvae feed upon dead and decaying 
animal tissue. When used clinically, that is, when bred aseptically and im- 
planted as sterile maggots in infected wounds, they function largely to remove 
dead tissue and pus from the wound. At the same time the maggots take up 
large numbers of bacteria from the wound and by destroying them aid in 
reducing the infection.** 
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4. The only significant change in plasma viscosity was in the group with 


»rolonged infection. Here the viscosity was moderately increased and was prob- 
ably dependent on the high fibrinogen and globulin content of the plasma. 


5. Correlation of changes in the erythrocyte sedimentation time with frac- 


‘ional plasma protein variations in these experiments were difficult of analysis 
yecause of the marked increase of the erythrocyte volume in dogs during fever. 


6. Although conditions of the three sets of experiments were necessarily not 


identical, it is suggested from our data that fever alone is not an important 
factor in evoking the plasma protein changes usually observed in infectious 
liseases. 
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TRACT OF SURGICAL MAGGOTS IMPLANTED IN INFECTED 
WOUNDS* 


The present investigation was made to determine the relative abundance . 


and viability of the bacteria in the successive regions of the alimentary tract. 


*Contribution from the Division of Insects Affecting Man and Animals, U. S. Bureau_of 


Entomology, Washington, D. C., and the Pathological Laboratory of the Church Home and In- 
firmary, Baltimore, Md. 
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This was done by means of dissections and bacteriologie cultures. The species 
used was Lucilia sericata. A description of the technic and apparatus, particu- 
larly that used in the aseptic dissections, is included, as descriptions of special 
methods are sometimes of interest. 


DISSECTIONS AND CULTURES 


Description of the Digestive Tract —The tract is tubular, highly convoluted, 
and very long, being 90 to 95 mm. in length, or six to seven times longer than 
the full-grown maggot. To the short and very narrow esophagus is attached a 
sae for holding food in reserve. This lies along the back and when containing 
food is visible through the integument. The stomach is unusually long, generally 
60 to 65 mm. and comprising two-thirds of the entire tract. It is divided his- 
tologically and functionally into three sections, the fore-, mid-, and hind-stomach. 
It extends from the enlargement at its junction with the esophagus posteriorly 
to the malpighian tubes. The intestine is about 30 mm. long and extends from 
the malpighian tubes to the anus. Greater details may be found in descriptions 
by Hobson,® Lowne," and Snodgrass.'® 

Technic of Dissection—The maggots were reared under the usual sterile 
conditions,* * * 7? "* ** to about 4 to 6 mm. in length, the size suitable for 
introduction into wounds. The sterile maggots were implanted in osteomyelitis 
wounds and allowed to feed. In twenty-four to forty-eight hours they were 
large enough to dissect and meanwhile the food had passed freely through the 
tract. The maggots were then removed and killed by momentary dipping in 
boiling water. Their external surface was sterilized by immersion for fifteen 
minutes in mereurie chloride disinfectant,* ** ‘* and washed in two changes of 
sterile saline. The sterility of the external surface was confirmed with cultures 
which showed no growth. The sterility of the alimentary tract had likewise 
been confirmed before the maggots were implanted in the wounds. The maggots 
were ready for dissection within thirty minutes of removal from the wound. 

Dissections were made under a binocular microscope. Each specimen was 
opened under sterile saline in a Petri dish, and aseptic technic was used through- 
out. In opening the maggots, a pair of fine dissecting scissors, with the cutting 
edges at an angle with the handles, was found to be the most satisfactory. The 
extreme points of the scissors were taken off with an abrasive to prevent piercing 
the intestinal tract. Forceps with fine curved points were used in making the 
dissections. 

When uncoiling the alimentary tract and disconnecting it from the branch- 
ing tracheas, especial care was taken to avoid rupture of the tract and consequent 
contamination of the saline. Notwithstanding this, rupture occurred frequently 
and the specimens had to be discarded. As an additional precaution against 
contamination through any possible rupture, dissections were begun upon the 
intestine, which always had the least infection, and the fore-stomach was re- 
moved last. Approximately 20 mm. of each portion was removed. The sections 
were cut off above the saline with a red-hot platinum wire in order to sear the 
remaining ends of the tract and thus prevent contamination of the saline. 
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Cultures—In the series comprising Table I, the cultures were made by 
macerating and smearing the various sections of the tract upon the surface of 
blood agar plates. Those in Table II were macerated in nutrient broth tubes. 
A control culture of the saline in the dissecting dish was made in each ease after 
the maggot had been opened but before dissection of the tract. 


RESULTS 


Dissections were made successfully of 51 individuals. Because of the 
decisive nature of the results and also because of the difficulty in dissecting 
without rupture the delicate and numerous convolutions of the tract, the experi- 
ments were limited to this number. 

In eultures from the intestine, no bacterial growth at all was observed in 
26 of the specimens listed in Table I. In the two remaining specimens a slight 
growth was found but at the same time the saline also showed contamination 
before dissection was begun. 


TABLE I 


CULTURES ON BLOOD AGAR 


CONTROL 
SPECIMEN (SALINE BEFORE INTESTINE 
DISSECTION ) 


HIND- FORE- 
STOMACH STOMACH 


ie 


i++ | 


*The number of plus signs indicates the relative density of growth. One indicates ten or 
less colonies, and four represent one hundred or more colonies. Sections of tract were only 
approximately of equal length. 4 


The hind-stomach was also found to be sterile in 17 specimens. The re- 
maining 11, among which were the two cases above mentioned, showed slight 
growth. 


- ++" 

- ~ + +++ 

- - +++ 

- + +++ 

- - - 

- - - + 

- - + 

- ~ ~ ++ 

- ~ - ++ 
10 ++ 
11 + + 
12 - - +++ 
13 - 
14 +++ 
15 
17 - +++ 
18 +++ 
19 +4 
20 - - 
21 ~ - +++ 
22 ++ 
23 ++ 
24 ++ 
25 - +++ 
26 - +44 
27 - ++4++ 
28 - - ++4++ 
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In every case bacterial growth was obtained in cultures from the fore- 
stomach ; and in all but two instances the growth was abundant. The relative 
degree of growth is indicated in all cases by the number of plus signs, from one 
to four. 


TABLE II 


CULTURES IN NUTRIENT BrotTH 


CONTROL 


SPECIMEN (SALINE BEFORE INTESTINE 
DISSECTION ) : 
1 - - - + 
2 - - - + 
3 + 
5 - - - + 
6 - - - + 
7 - ~ - + 
8 - + 
10 + + 
11 - + 
12 - - - + 
13 - + 
14 - - + 
15 - - - + 
16 - - = + 
17 - - - + 
18 ~ ~ - + 
19 - - - + 
20 ~ = + + 
21 - - _ + 
22 - - - + 
23 - - - + 


*Degree of growth in this medium cannot be shown because a general clouding of the 
broth takes place. 


A more rigid test was made in the second series when dissections were cul- 
tured in nutrient broth. In this medium the presence of even minute numbers 
of bacteria becomes evident in the clouding of the broth. 

The sterility of the intestine and the presence of bacteria in the fore-stomach, 
indicated in the first series, were confirmed in every instance. The results are 
shown in Table IT. 


DISCUSSION 


Disappearance of Bacteria in the Stomach—It has been shown that, in 
their course through the alimentary tract of the maggot, bacteria become reduced 
in numbers and finally disappear. It is evident, from the sterility of the 
intestine, that the bacteria are destroyed in the stomach. It is also apparent 
that this action takes place principally in the posterior portion of the stomach. 
The destruction of bacteria in this way is probably a factor in the general dis- 
infection of the wound under the maggot treatment, as noted by Baer* and 
configmed by others. 


The species of bacteria encountered in the experiments were a betahemolytic 
streptococcus and a hemolytie type of Staphylococcus aureus. Cases were 
selected in which no organisms of the proteus type were present. This was be- 
cause of the difficulty of making quantitative estimates of the numbers of bacteria 
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present with those spreading varieties. Hobson*® has made an examination of 
the general bacterial content of the alimentary tract of nonsterile maggots which 
had fed under normal conditions. 

Results somewhat similar to those of the present investigation were reported 
by Dunean,’? who referred to some experiments of his own and of others in 
which destruction of certain species of bacteria was found to take place in the 
alimentary canal of flies. 

Bacot,” Glaser, and Smith-Graham,’> however, using flies of the family 
Muscidae, found that bacteria ingested by the larvae with their food persisted 
through metamorphosis and appeared in the intestine of the adult flies. This 
may indicate that the larvae of those species are unable to destroy all bacteria 
within the alimentary tract. It seems possible, however, that the adult tissues 
may have become inoculated from the bacteria which were still present in the 
fore-stomach of the maggot at the time of pupation. By means of a special 
technic, Wollman’? was able to rear adult flies free from infection. 

The disappearance of the bacteria between the fore-stomach and the in- 
testine, in the region of greatest activity of proteolytic enzymes, according to 
Hobson,® indicates that the bacteria are destroyed by digestion. 


SUMMARY 


A study has been made of the relative abundance and viability of bacteria 
in the various sections of the alimentary tract of surgical maggots used to 
hasten healing of infected wounds, The investigation was made by means of 
dissections and bacteriologie cultures. 

The results are given in tabular form and show that large numbers of the 
bacteria taken in with the food were destroyed in passing through the long, 
tubular stomach of the maggot. Complete destruction of any remaining organ- 
isms occurred in the intestine, for no viable bacteria were found in any cultures 
of the intestine. . 

The results are discussed in connection with the work of others of a some- 
what similar nature. 

A description is given of the method used in making the aseptic dissections. 
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BENIGN ADENOMA OF THE SWEAT GLANDS* 
E. BircHwoop, M.D., Cuicago, Luu. 


INGAUD' in 1877 reported a sudoriparous adenoma of the scalp. His gross 

and microscopic study was given in detail. He gave the impression that it 
was a small elastic fibromatous mass which was smooth and shining. There was 
no definite line of demarcation between the tumor and the skin. The histologic 
examination showed that the skin covering the tumor was intact and was 
separated from the neoplasm by a layer of normal connective tissue. It was 
lobulated like a gland. Each lobule contained a small amount of fibrous 
stroma composed of connective tissue. The stroma circumscribed an elongated 
or rounded network which contained epithelial cells. There were no epithelial 
pearls. In 1881 Sangster? reported a papillary tumor of the scalp. The gross 
and histologic study gave a picture similar to that of Pingaud. Mulert® in 
1897 called this type of tumor an endothelioma. Aimes and Paulet* in 1921 
gave a description of massive sudoriparous adenoma of the scalp which was 
very similar to that of Pingaud. Dupont and Delarue® in 1928 described a 
sudoriparous tumor, but it was of the type which communicated with the 
exterior. 


This case is presented because so few have been described in the litera- 
ture, and because it has been designated by various authors as ‘‘benign 
epithelioma,’’ ‘‘adenoma of the skin,’’ ‘‘endothelioma,’’ and ‘‘papillary 
tumor’’ of the scalp. This tumor was removed from over the right parietal 
bone. The growth first appeared about ten years previous in a man sixty-two 
years old, and had regularly and slowly increased in size without causing any 


*Received for publication, April 26, 1933. 
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pain. The specimen weighed 37 gm. and measured 6 by 4 by 3 cm. It was 
oval with a short stalk-like attachment that had been resected and measured 
2 by 2 em. at this lower stalk attachment margin. There were a few grayish 
hairs extending along the cut margin. The rest of the surface was hairless, 
white, and smooth. The tumor was well-encapsulated and numerous cut sur- 
faces were white and homogenous. There was a general firmness with consid- 


Fig. 2.—Four mm. obj. Cord-like arrangement of epithelial -cells. Palisaded cells of 
periphery of lobules. 


erable elasticity. Microscopic examination showed an epidermis with rather 
thin stratum corneum, a poorly defined stratum granulosum and a Malpighian | 
layer with a lack of tendency to form definite intercellular bridges. The 
dermis consisted chiefly of connective tissue with sparse blood vessels. The _ 
tumor proper had well-formed cord-like arrangement of epithelial cells and 
some lobulation simulating glands surrounded by connective tissue. These 
lobulated groups were filled with cells, the major portion of which were flat and 


Fig. 1.—Sixteen mm. obj., showing lobulation with eqidermis and dermis. 
+ Wy. 
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oval; however, round and spindle-shaped types could be seen. A few con- 
tained elongated nuclei surrounded by mitochondria. Those in the periphery 
were palisaded with connective tissue as a base. The central cells in the large 
lobules were arranged indiscriminately. 

The possibilities as to the origin of this tumor are: (1) the basal layer 
of the epidermis; (2) the outer root sheath of the hair follicle; (3) the ducts 
and bodies of the sweat glands; and (4) the sebaceous glands. If we consider 
the views of Krompecher*® then the absence of fibrillation of the constituent 
cells and the lack of tendency to form definite intercellular bridges rules the 
first two possibilities out. This leaves for consideration the sweat glands and 
the sebaceous glands. At some places in the tumor there is a tendency to form 
a two-layered epithelium surrounding the central cavity, the outer being of the 
columnar sort and the inner layer showing a tendency toward the squamous 
type. The presence of the colloid-like masses in the epithelial cells here and 


Fig. 3.—Four mm. obj. The colloid-like masses which have resisted solvents and were not 
differentiated by fat stain. 


in the lumina gives the tumor a general resemblance to those tumors de- 
seribed” * ° as sebaceous gland tumors. These colloid-like masses, however, 
are obviously not of fatty nature because they resisted not only the solvents 
used in embedding but were ruled out by fat-staining methods and subsequent 
treatment of the section. 
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INTRACUTANEOUS REACTIONS INDUCED IN GUINEA PIGS 
INOCULATED WITH B. ABORTUS* 


A PRELIMINARY REPORT 


H. Guapys Dacey, B.S., AnD NatHAN Korovin, M.S., New York, N. Y. 


HE diagnosis of undulant fever is particularly difficult because of the marked 
variation in clinical manifestations, and, consequently, may be quite de- 
pendent upon laboratory tests. As microorganisms of the abortus-melitensis 
group are demonstrated in the blood stream with difficulty, cultural examina- 
tions are of limited value. At present, the agglutination test, which is in general 
use, is considered relatively specific, although the reactions obtained may, in 
some eases, be due to a past infection. On the other hand, Montagnani,! Burnet,? 
Tramontano,? Carpenter and Boak,‘ Giordano and Sensenich,® and Gilbert and 
Dacey® have reported failure to obtain agglutination in sera from patients having 
undulant fever. In view of these findings, an intracutaneous test might furnish 
valuable information. 

Burnet,’ Trenti,’ and Dubois and Sollier® obtained specific reactions with 
broth filtrates, while Montagnani,' Fornaca and Bua-Fazio’ and Giordano," on 
the other hand, failed to do so. Fornaca and Bua-Fazio,’® Mitra,’? Canale,’ de 
Fermo,'* Giordano," Simpson and Frazier,’® and Levin" report specifie reactions 
with heat-killed suspensions of the microorganisms. Schoenholtz and Meyer*’ 
found that ‘‘cutaneous hypersensitiveness in abortus infected guinea pigs may 
be demonstrated by testing the infected animal intracutaneously with filtered cell 
solution of B. abortus. The substance precipitated by acetic acid in the cold at 
P,, 3.5 to 4.0 elicits allergic reactions as effectively as the original solution.’’ In 
1931, Leavell and Amoss** published a report of a study of the endermic reaction 
in Brucella infections in which various extracts and suspensions including a so- 
called ‘‘specifie soluble substance’’ were tested. They found none which they 
considered definitely specific. Human subjects were used for the investigation. 
A species of animal not subject, under normal conditions, to infections with - 
members of the abortus-melitensis group may be found more suitable for purposes 
of control than persons who may have had undulant fever which was un-. 
diagnosed or an infection which was subclinical in nature. One would judge ~ 
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from the information available in the literature that allergic reactions may be 
demonstrated for a number of years following recovery from such an infection. 

The results of a preliminary study of this problem undertaken during 1931 
may be of interest. A number of the authors mentioned have reported that the 
reactions with bacterial suspensions and with protein fractions have been very 
severe, in certain individuals, those with the former often being accompanied by 
more or less serious general symptoms. In our experience, the intracutaneous 
inoculation of heat-killed suspension has elicited a reaction in 18 of 22 guinea 
pigs infected with microorganisms of the abortus-melitensis group. The reactions 
have been very severe and characterized by congestion, edema, and marked 
necrosis. Eighty-eight presumably normal guinea pigs and 27 which had been 
inoculated with material submitted for the routine examination for tubercle 
bacilli were also tested. Four, or 3 per cent, showed slight nonspecific reactions. 

‘*Abortin’’ prepared according to the method of Seyfarth’® not only failed 
to elicit reactions in certain guinea pigs known to have been infected with B. 
abortus, but induced reactions in some apparently normal animals. Tests were 
also performed with a concentrated and purified ‘‘abortin’’ prepared by pre- 
cipitation of the protein with acetone, according to the method of Wadsworth 
and Quigley®® for the concentration and purification of the toxin of the Strepto- 
coccus hemolyticus. Definite reactions were obtained in 8 of 10 guinea pigs 
known to have been infected with microorganisms of the abortus-melitensis group. 
Another guinea pig inoculated with the same culture gave no reaction, but since 
this animal died of intercurrent infection and the microorganism with which it 
had been inoculated was not recovered, the significance of the result is indeter- 
minate. No reactions were obtained following the first inoculation in eleven 
apparently normal animals. Nonspecific reactions, possibly due to sensitization 
from the first series of tests, were observed in several of these guinea pigs upon 
reinoculation, one week after the first skin tests. With this material, as with the 
bacterial suspensions, the reactions were very severe, corresponding in this re- 
spect to the results reported by other workers. One guinea pig infected with 
microorganisms of the abortus-melitensis group reacted to the concentrated unin- 
oculated broth used for purposes of control, as well as to the ‘‘abortin.’’ The 
sensitivity of certain animals to protein derived from the medium has thus been 
demonstrated and necessitates careful control of all tests. 

When this work was undertaken early in 1931, the study of intracutaneous 
tests in infections with microorganisms of the abortus-melitensis group had been 
restricted to bacterial suspensions, to culture filtrates, or to protein fractions of 
the bacteria. It therefore seemed important at that time to determine the activity 
of the carbohydrate fractions in an effort to find a less toxie antigen. Since 
the work of Heidelberger and Avery’ with the pneumococeus, specific soluble 
substances have been obtained from many other pathogenic microorganisms, such 
as the tubercle bacillus,?? the Friedlander bacillus,”* the streptococeus,** * B. 
dysenteriae,” B. mallei,?> and the gonococeus.”° 

A earbohydrate fraction was prepared by a modification of the method de- 
seribed by Wadsworth and Brown.”* 

Seventy-two-hour cultures of a recently isolated strain of bovine origin 
(32219), grown on liver infusion agar, were killed by heating at from 60° to 65° 
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©. for thirty minutes. The growth was then suspended in 0.85 per cent salt 
solution. Two methods were used to disintegrate the cells. In one preparation, 
ihe suspension was made in 0.01 normal sodium hydroxide and boiled for one and 
one-half hours. The other was centrifugalized and the sediment resuspended in 
4 very small amount of 0.85 per cent salt solution containing 0.2 per cent 
formalin. The latter was subjected to repeated freezing and thawing. In each 
vase, after centrifugalization, the supernatant fluid was acidified with acetic 
acid to remove the protein and the carbohydrate substance was precipitated from 
solution with 95 per cent aleohol. The precipitate was dissolved in 0.85 per 
-ent salt solution, acidified with acetic acid, and concentrated by boiling, any 
precipitate was removed, and the carbohydrate substance was reprecipitated by 
aleohol. This process was repeated until the acid coagulable proteins had been 
removed by acetic acid and the heat coagulable proteins by boiling. The final 
precipitate was washed with acetone and ether, and dried over ealeium chloride 
in a vacuum desiceator. A protein reaction was not obtained by the biuret and 
xanthoproteie acid tests, and the Molisch test indicated the presence of carbo- 
hydrate. The amount of nitrogen in two preparations varied from 0.45 per 
cent to 0.56 per cent and the ash, from 12.24 per cent to 28.37 per cent. 

Precipitating properties were demonstrated with B. abortus antiserum. 
Complement was fixed in the presence of immune serum. Intracutaneous inocula- 
tion of one of these preparations induced macular reactions, with no evidence of 
necrosis or sloughing in four guinea pigs infected with microorganisms of the 
abortus-melitensis group. 

The results suggest that a carbohydrate substance extracted from micro- 
organisms of the abortus-melitensis group may give reactions of a much milder 
character than those obtained with the whole microorganisms, or with a protein 
extract. Material which ean be successfully used in skin tests on persons should 
give characteristic and specific reactions that are not very severe. A prepara- 
tion of the protein and cleavage products, concentrated by the method of Wads- 
worth and Quigley,”° might be entirely satisfactory for use in tests on animals, 
while the carbohydrate fraction, if the lack of toxicity which was observed is 
confirmed, would apparently lend itself more readily to a test for evidence of 
undulant fever in man. 

Future work should be directed, first to the further purification of the 
carbohydrate substances, and, second, to a more extensive study of the intra- 
cutaneous reactions induced by those substances on animals and also on the hu- 
man subject with a view to distinguishing the reactions of diagnostic significance; 
especially since carbohydrates which differ in their antigenic activity have been 
obtained from cultures of the pneumococecus.” 
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THE SPECTROPHOTOMETRIC INVESTIGATION AND 
DETERMINATION OF BILIRUBIN* 


WitTH A CONSIDERATION OF OXYHEMOGLOBIN AND ITs EFFECT ON THE 
ESTIMATION OF BILIRUBIN 


GrEORGE E. Davis, Pu.D.,t AND CHARLES SHEARD, PH.D., RocHESTER, MINN. 


INTRODUCTION 


ISUAL spectrophotometry has been employed in a number of investigations 

on bilirubin. In 1925 and 1926, Mann, Sheard, Bollman and Baldes?-?7 
obtained extensive spectrophotometrie data bearing on the question of the sites 
of formation of bilirubin, the relative amounts of bilirubin formed at the dif- 
ferent sites, and the formation of the pigment from hemoglobin. In 1926 and 
1927, Bollman, Sheard and Mann investigated the absorption of bile pigment 
from the intestine? and the bilirubinemia following extirpation of the gall- 
bladder and ligation of the common bile duct.* Speetrophotometrie comparisons 
of the nature and amount of bile pigment found in the blood serum under 
normal and pathologic conditions were made by Magath and Sheard’? in 1927. 
The effect of intravenous injections of chlorophyll on the rate of formation of 
bilirubin was investigated by Bollman, Sheard and Mann.‘ In these researches 
the spectrophotometric data were obtained by means of a Keuffel and Esser 
‘‘eolor analyzer,’’ which allows transmissions to be determined visually in a 
spectral range extending approximately to wave length 430 mp (millimicrons). 

Various.data and conclusions concerning the spectrophotometry of bilirubin 
have been published by Sheard, Baldes, Mann and Bollman.’® This work will 
be referred to later. Sheard, Mann and Bollman” have made spectrophotometric 
comparisons of purified bilirubin and the yellow pigment (bilirubin) found in 
bile and in blood serum and plasma. In both of these investigations fading of 
the pigment is demonstrated, the effects of hemolysis and turbidity are described 
and discussed, and the laws of Lambert and of Beer are shown to be applicable 
to solutions of the pigment. These investigations have amply demonstrated 
the sensitivity, accuracy and practicability of the spectrophotometric method 
of investigating bilirubin. : 

In this paper we shall present and discuss the applications of spectro- 
photometry to investigations on the bilirubin in the blood and in other body 
fluids. In addition we shall present some observations and experimental re- 
sults concerning spectrophotometric determinations of oxyhemoglobin and the 
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effects of the presence of small amounts of this pigment on the quantitative 
determination of bilirubin. 

The experimental data on which this article is based were obtained during 
the course of various investigations on bile pigment, concerning which a report 
will be made later. Our spectrophotometric observations are an extension o/ 
those made by Sheard and coworkers, to which reference has been made. 


SPECTROPHOTOMETRIC THEORY AND ITS APPLICATIONS 


To simplify the discussion we first review briefly some important principles 
of spectrophotometry and discuss their applications. 


Yonsider a beam of light passing through a layer of solution of a substance 
X which is under investigation. Let I represent the intensity of the transmitted 


beam and I, the intensity which the beam would have had if it had been ab- 
sorbed (in part) only by the solvent. Then the fractional part transmitted by 


X alone is + . Call this T, the transmission of X. Let C, L, « and A represent 
0 


the concentration, the thickness, the extinction coefficient (or absorption co- 
efficient ) and the absorption ratio, respectively. By definition, « is the reciprocal 


of that thickness for which T = 0.1, while A= e., a constant. 


It follows from Bouguer’s law (commonly ealled Lambert’s law) that 


A 
leo T.- - - - - - - - - - - - 


If the value of A is known, this relation gives the concentration C upon sub- 
stituting measured values of L and T. The expression —log,, T represents the 
optical density of X when measured in thickness L and concentration C. 


It is easily shown from Equation (1) that for any one substance the ratio 
of the optical densities corresponding to any two wave lengths in the spectrum 
is a constant, regardless of the value of C or of L. Therefore, since no two 
substances have exactly the same transmission curve, a substance can be identi- 
fied by showing that at various wave lengths the optical densities have the rela- 
tive values known to be correct for that substance. Or, conversely, the entire 
transmission (or absorption) curve of a substance in solution can be calculated 
from the known values of the density ratios for the substance, if we know the 
value of T at some one wave length or ean find it from the value of A and 
Equation (1). 

In order that spectrophotometriec observations on a solution may reveal 
only the absorption due to the dissolved substance, the absorption in the solvent, 
if not negligible, usually is balanced out by filling the comparison cell with the 
solvent. In physiologic fluids there are, in general, other substances in solution 
(or in colloidal suspension) besides the substance under investigation. All such 
substanees absorb radiation; and since in many eases the absorption is not 
negligible, it is best, if possible, to balance it oat by using as comparison fluid 
the identical physiological fluid, similarly diluted, with only the substance re- 
moved of which the transmission is to be measured.* If the substance cannot 


*We usually neglect the error due to absorption in that part of the fluid which, in the 
comparison cell, occupies the space occupied in the other cell by the substance under investiga- 
tion. In most cases the error is small. 
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be removed without altering the physical or chemical properties of the fluid, 
some fluid, such as distilled water, having negligible absorption, may be used as 
comparison substance. Correction must then be made for any appreciable ab- 
sorption due to each of the other substances in the physiological fluid. The 
coneentration of each substance must be found by some independent method and 
the corresponding transmission at each wave length computed by means of 
}-quation (1). The transmission of the substance under investigation may then 
be found at any given wave length by dividing the observed transmission by 
tie product of the transmissions of the other substances. In investigating bile 
}:gment we have used this method in correcting for the absorption due to traces 
0! oxyhemoglobin. 


APPARATUS AND EXPERIMENTAL METHOD 


The spectrophotometric observations were made by means of a quartz 
spectrograph and Hilger rotating sector photometer, with an under-water spark 
between tungsten terminals as source of radiation. These instruments were 
assembled and used in the usual manner, following essentially the method first 
deseribed by Howe.® The electrical circuits, quartz cells and container for the 
under-water spark have been described elsewhere.’ 

While the quartz spectrograph is to be preferred in most investigations 
beeause of its high dependability, our discussion of principles and methods will 
be understood to be applicable to the spectrophotometric investigation of bilirubin 
regardless of the kind of apparatus employed in finding the spectral transmis- 
sion or absorption. 


INTERFERENCE OF OXYHEMOGLOBIN WITH SPECTROPHOTOMETRIC 
OBSERVATIONS ON BILIRUBIN 


It was found by spectroscopic examination that the majority of blood 
serums, however carefully prepared, contain traces of hemoglobin in the form 
of oxyhemoglobin, sufficient in amount to affect the absorption spectrum appre- 
ciably, even though the unaided eye may be able to detect little or none of the 
characteristic red. color. No method is known whereby bilirubin alone can be 
removed from blood serum with the assurance that the serum will remain un- 
changed chemically or physically. This fact precludes the possibility of bal- 
ancing out the absorption due to oxyhemoglobin (and other substances) by 
using the bilirubin-free serum as comparison fluid. Therefore in spectrophoto- 
metrie measurements on bilirubin, corrections must be made for the radiation 
absorbed by oxyhemoglobin. The importance of this has been pointed out by 
Mann, Sheard, Bollman and Baldes" in connection with visual spectrophotometric 
observations to determine the site of formation of bilirubin. Oxyhemoglobin 
has a very strong absorption band at the short-wave end of the visible spectrum, 
in the region covered by the most prominent and characteristic absorption band 
of bilirubin. The maximal optical density in the latter band is roughly twelve 
times as great as in the former. But we have found that the concentration of 
oxyhemoglobin in a serum which appears to the unaided eye to be free from red 
color actually may be much greater than the concentration of bilirubin; so that 
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the absorption in the oxyhemoglobin may be comparable to that in the bilirubin, 
in spite of the greater power of absorption of the latter. 

To test the visibility of traces of oxyhemoglobin, various concentrations ii. 
water were prepared and the color noted when viewed against an illuminated 
white background. Thicknesses of solution of 1.5 and 9.0 em. were examined, 
making direct comparisons with pure water. Data for the higher dilutions ar 
given in Table I. Visual detection of oxyhemoglobin in blood serum is muc} 


TABLE I 


VISUAL APPEARANCE OF AQUEOUS SOLUTIONS OF OXYHEMOGLOBIN 


HEMOGLOBIN, CONCENTRA- COLOR, VISUALLY OBSERVED COLOR, VISUALLY OBSERVED : 
TION IN MG. PER C.C. THROUGH 1.5 CM. DEPTH THROUGH 9.0 CM. DEPTH 
0.036 Not detectable, except when|Very faint pink, but noticeable 
compared with pure water 
0.024 Not easily detected, even when|Hardly detectable, except when 
compared with pure water compared with pure water 


0.007 Not detectable Not detectable. 


more difficult than in water, since the color of the serum tends to mask that of 
the oxyhemoglobin. We have found by spectroscopic and spectrophotometric 
measurements that amounts of from 0.05 to 0.10 mg. per ¢.c. frequently escaped 
detection by the unaided eye; while in one ease a serum containing approxi- 
mately 0.2 mg. of hemoglobin per e.c., or about 100 times the normal bilirubin 
content, appeared free from hemoglobin, the color being masked by that due to 
a high concentration of bilirubin. These concentrations of hemoglobin are easily 
high enough to modify the absorption spectrum greatly. 

These data show clearly that in spectrophotometrie studies of bilirubin i in 
blood serum the possibility of errors caused by traces of oxyhemoglobin cannot 
be ignored, even in serums which appear free from red color. Corrections must 
be made for the effects of the oxyhemoglobin unless these effects can be shown 
to be negligible. 


DETERMINATION OF CONCENTRATION OF TRACES OF OXYHEMOGLOBIN 


The concentration of hemoglobin in traces of oxyhemoglobin in the serum 
was measured with a Keuffel and Esser spectrophotometer (‘‘color analyzer’’) 
by the method deseribed by the authors. This method, while accurate to 1 
or 2 per cent for the concentrations of hemoglobin usually found in blood, is 
much less accurate for very low concentrations. But the accuracy is sufficient 
to permit of fairly reliable corrections for absorption by traces of oxyhemoglobin. 

Another method, of about equal reliability for very low concentrations of 
hemoglobin, was used on some of the serums. The serum was diluted a known 
amount, shaken with air, and examined in a glass cell of adjustable thickness 
placed in front of the slit of a spectrometer. With light from an incandescent 
lamp (always the same lamp and voltage) passing through the cell, the thick- 
ness of serum was reduced until the absorption band of oxyhemoglobin at wave 
length 577 mp disappeared. From the thickness at disappearance of the band, 
the concentration of hemoglobin was found by comparison with values obtained 
for known concentrations. 
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ABSORPTION SPECTRUM OF BILIRUBIN 


To determine concentrations of bilirubin spectrophotometrically, it is neces- 
sary to measure the transmission only at one suitable wave length for which the 
absorption ratio is known. But in order to identify or otherwise investigate 
ihe pigment, one usually must determine the curve which represents the absorp- 
tion spectrum. This may be represented by plotting absorptions, extinction 
coefficients or absorption ratios. Or transmissions may be plotted, since the 
values of transmission and of absorption are complementary. We shall plot 
transmissions. 

So far as possible we shall reserve for a separate paper the discussion of 
the absorption spectra we have determined for various samples of bilirubin. 


it 


Fig. 1.—Spectrum of blood serum of jaundiced human being. For wave lengths longer 
than about 340 my, the spectrum is typical of serum bilirubin. Concentration of bilirubin, 
18.6 mg. per 100 c.c.’ Serum undiluted. Thickness, 0.128 mm. 


However, to illustrate the general characteristics of the spectrum, we show in 
Figs. 1 and 2 the curves obtained for blood serums from two jaundiced patients. 
Distilled water was used as comparison substance, since bilirubin-free serum was 
not available, for reasons already stated. Hence the curves must show the 
absorption due not only to bilirubin but also to other substances in the serum. 
However, at wave lengths longer than 330 or 340 my no substance ordinarily 
present in serum, excepting hemoglobin or its compounds, is at all comparable 
to bilirubin in its power to absorb radiation. Therefore above 330 or 340 mp 
the eurves represent the absorption spectrum of bilirubin fairly closely, par- 
ticularly in Fig. 1, where the concentration is very high. In Fig. 2 correction 
was made for the absorption due to oxyhemoglobin (upper curve), the broken 
line curve representing the corrected bilirubin spectrum. The curve in Fig. 1 
needed no correction, since no oxyhemoglobin appeared in the serum. 


Wave length, my 
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The prominent band with maximal absorption at 280 my is not character- 
istie of bilirubin. This is shown by the curves we have obtained for various 
samples of serum, from which it appears that the absorption in this region is 
independent of the concentration of bilirubin. Lewis" found the same band in 
the spectra of pseudoglobulin, euglobulin and albumin, from which he concluded 
that its appearance in the spectrum of blood serum is due specifically to the 
serum proteins. Later Stenstrém and Reinhard* ?? decided from spectrophoto- 
metric evidence that the tryptophane and tyrosine constituents of the protein 
molecule are responsible for this band. 


The curves in Figs. 1 and 2 are alike in general shape but differ in minor 
details. For the most part the minor differences are not due to experimental! 
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Fig. 2.—Spectrum of blood serum of jaundiced human being. For wave lengths longer 
than about 340 mu, the general shape of the curve (breken line) is typical of serum bilirubin. 
The lower curve represents observed transmissions. The upper curve is calculated, to represent 
the trace of oxyhemogiobin present in the serum and is used in obtaining the corrected curve 
geen 24 Bilirubin concentration, 4.3 mg. per 100 c.c. Serum undiluted. Thickness, above 

ma, 0. mm. 


errors. The prominent feature of both curves, definitely characteristic of 
bilirubin, is the broad absorption band extending from the green region of the 
visible spectrum to the neighborhood of wave length 360 my in the ultraviolet. 
The wave length of maximal absorption seems to vary somewhat. It is difficult 
to locate accurately, since the absorption band is very broad and rather ‘‘flat’’ 
at its lower end. In Figs. 1 and 2 maximal absorption is approximately at 
wave lengths 445 and 460 my, respectively. Practically all our curves for 
bilirubin in human blood serum gave evidence of maximal absorption at some 
wave length between these two values, the average being about 453 mp. Rahier’® 
located it at 435 mp» but did not state whether his observations were made on 
serum bilirubin or on solutions of purified bilirubin. We have found an aver- 
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ae value of 432 my for purified bilirubin dissolved in 0.02 N sodium hydroxide, 
this value being the average of nine determinations. 


ABSORPTION SPECTRUM OF OXYHEMOGLOBIN 


The absorption spectrum of oxyhemoglobin, Fig. 3, was obtained from 
semples of blood from three normal men. Clotting was prevented by adding 
a little dry ammonium oxalate. The hemoglobin content was measured by the 
s) eectrophotometric method of the authors® and was found to be normal in each 
ease. Part of each sample of blood was centrifuged and the plasma used as fluid 
for comparison. The whole blood and plasma were diluted equally with 0.1 
per cent sodium carbonate solution. After dilution the concentration of hemo- 
globin was 1.22 mg. per ¢.c. This solution was shaken with air to convert the 
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Fig. 3.—Spectrum of oxyhemoglobin normally present in human blood serum, computed for an 
assumed transmission of 30 per cent at wave length 427 mu. 


hemoglobin into oxyhemoglobin. A layer 0.772 mm. thick was examined in 
each case. 

Since the diluted blood was not centrifuged, the absorption represented in 
Fig. 3 ineludes that due to the stroma of the hemolyzed cells. The absorption 
by these cell bodies is small compared to that of the oxyhemoglobin, however. 
The following facts justify this statement: (1) Curves obtained by Strub” 
show this to be the case in the spectral range between wave lengths 450 and 
660 mu. (2) In direct spectrophotometrie comparisons of blood serums we have 
obtained several curves representing the spectrum of oxyhemoglobin alone. 
These agree closely with the eurve in Fig. 3, from wave length 320 or 340 to 
580 my. 

The curves from the three blood samples were exactly alike in general 
shape. Corresponding transmissions differed by less than the experimental 
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errors of measurement, over a major part of the spectral range respresentec. 
Positions of maxima and minima, 9 in all, agreed on the average to within 0.7 
mz. 

To ealeulate the curve of Fig. 3, a wave length in the principal absorptiou 
band was first chosen, at which wave length, 427 my, all three curves indicated 
the same transmission. The optical densities (—log,, T) at a considerable nuni- 
ber of other wave lengths were each divided by the density at 427 mp and ai 
each wave length the average value of the three density ratios was used in 
caleulating the transmission, arbitrarily assuming a value of 30 per cent at 427 
mp. This procedure is based on the fact, previously stated, that for any two 
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Fig. 4.—Spectrum of oxygenated solution of purified hemoglobin dissolved in water con- 
taining a little ammonium hydroxide. Concentration of hemoglobin, 0.00121 gm. per c.c. 
Thickness, 0.772 mm. The a- and f-bands, at 577 and 542 mu, respectively, were visually 
observed but are not shown here because of their faintness and the uncertainty in measuring 
transmissions near 100 per cent in this spectral region. 
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wave lengths the ratio of optical densities is a constant independent of con- 
centration and thickness. Some of the average density ratios are shown in 
Table II. 

For comparison with Fig. 3 we show in Fig. 4 the transmission curve for a 
solution of purified hemoglobin in water containing a little ammonium hydroxide 
(1 part of fairly concentrated ammonium hydroxide to 125 parts of water). 
The hemoglobin was prepared by the method of Welker and Williamson. In 
the solution the concentration of hemoglobin was 1.21 mg. per ¢.c. The solution 
was examined spectrophotometrically within thirty minutes after preparation 
and was not exposed to radiation which might cause it to ‘‘fade.’’? The solution 
was shaken with air just before examination. We are not prepared to say 
whether the resulting compound of hemoglobin was oxyhemoglobin or a salt of 
hemoglobin. However, we note that when sodium hydroxide was substituted 
for the ammonium hydroxide, visual spectroscopic examination revealed a broad 
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TABLE II 


SOME OF THE DENSITY RATIOS OF OXYHEMOGLOBIN USED IN COMPUTING THE CURVE OF Fic. 3 


WAVE LENGTH DENSITY RATIO 
r (=- L0G, T, / — LOG, 


(mp) 
235 0.896 
245 0.460 
254 0.416 
270 0.459 
290 0.360 
307 0.221 
320 0.267 
340 0.339 
360 0.310 
370 0.284 
380 0.315 
390 0.430 
400 0.664 
405 0.893 
410 1.15 
418 1.33 
427 1.000 
433 0.606 
442 0.328 
450 0.194 
460 0.151 
480 0.114 
510 0.071 
525 0.081 
542 0.136 
565 0.122 
580 0.135 


*Numerator and denomin > i 
ot op SS ator represent the optical densities at wave lengths )\ and 


absorption band centered at about wave length 620 my, in addition to the usual 
a- and B-bands at 577 and 542 my, shown by both solutions. The a- and 
8-bands were less distinet than in the solution with ammonium hydroxide. (In 
Fig. 4 these bands are not indicated, for reasons noted under the figure.) These 
differences show that the nature of the compound of hemoglobin obtained in 
such a solution depends on the kind of alkali which is added. 


It is seen by comparing Figs. 3 and 4 that although the two spectra are 
generally similar, the spectrum in Fig. 4 differs from that in Fig. 3 in the 
following particulars: (1) considerably greater absorption in the spectral region 
lying approximately between wave lengths 340 and 395 mp; (2) very much 
less absorption in the principal part of the most prominent absorption band, 
roughly from 395 to 440 my; (3) less absorption in the region of the a- and 
B-bands, 577 and 542 mp. These differences could not be due to the stroma 
in the serum, since these bodies would increase rather than decrease the absorp- 
tion shown in Fig. 3, which action could not cause the first difference, and 
since the stroma does not absorb specifically in the spectral regions of the three 
bands mentioned in the statement of the second and third differences. A re- 
liable quantitative comparison of the two curves may be made by comparing — 
corresponding ratios of optical density. Some such ratios with respect to the 
density at wave length 460 mp are shown in Table III. Wave lengths of 
maximal and minimal absorption up to 510 mp are represented, with some inter- 
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mediate values. While at each wave length the magnitude and algebraic sigu 
of the difference shown in the last column are dependent on the choice of wave 
length at which the optical density is taken as reference, the great range i 
magnitudes and the wide departures from zero show without ambiguity that 
the two spectra cannot belong to identical substances, although the substances 
evidently are rather closely related chemically. This would be true also if 
sodium hydroxide were substituted for the ammonium hydroxide in preparing 


TABLE III 


COMPARISON OF DENSITY RATIOS FOR SPECTRA OF FIGS. 3 AND 4 


DIFFERENCE, IN PER 
WAVE LENGTH CENT OF VALUE FOR 
(= - L0G, / — LOG, Tyo) 3 
FIG. 3 Fig. 4 
(mp) 
235 5.98 7.32 +22 
254 2.76 3.35 +21 
271 3.03 3.08 +2 
307 1.45 1.60 +10 
343 2.25 2.78 +24 
370 1.88 3.10 +65 
395 3.60 3.80 + 6 
418 8.77 4.69 —47 
430 5.51 3.50 —36 
442 2.17 1.86 —14 
460 1.000 1.000 0 
510 0.465 0.432 -7 


*Numerator and denominator represent the optical densities at wave lengths \ and 
460 mug, respectively. 


the compound of hemoglobin, as is shown by the nature of the resulting modifica- 
tions observed in the absorption spectrum. Therefore we conclude that the 
oxyhemoglobin normally present in blood is not identical with the compound 
formed by oxygenating a solution of purified hemoglobin in water containing 
a small amount of ammonium hydroxide or of sodium hydroxide. 


The curves in both Figs. 3 and 4 gave evidence of a very strong absorption 
band, less strong in Fig. 4, with maximal absorption at 418 mp. Two other 
conspicuous bands appear in the ultraviolet, with maximal absorption located 
at or very near wave lengths 271 and 343 my in Fig. 3 but much less definitely 
indicated as to position in Fig. 4. In Fig. 4 the separation of the bands at 418 
, and at or near 343 my is masked by the absorption in the region between them. 

Both curves show a cut-off at about 230 mz». 


Few accurate data have been published on the absorption spectrum of 
oxyhemoglobin in the ultraviolet and shorter wave lengths of the visible spec- 
trum. Kayser’® refers to a number of observations made by various investigators 
between 1878 and 1904, but many of the data secured are unreliable or are ex- 
pressed only in approximate figures. Strub** has published absorption curves 
and data for the visible region above 450 mp. Suhrmann and Kollath** show 
absorption curves for solutions of blood, in general shape closely similar to the 
curve in Fig. 3 and with the positions of the absorption bands approximately 
the same. But only eight values are plotted in the entire spectral range between 
315 and 580 my, so that the shape of the curve and the positions of maxima 
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ind minima as shown ean be considered only as rough approximations. Hicks 
and Holden*® have published values of the wave lengths at which maximal and 
minimal absorption occur in solutions of oxyhemoglobin in the ultraviolet and 
violet spectrum. The oxyhemoglobin was prepared by the method of Adair. In 
the principal band, maximal absorption was observed at 411.5 mp. Berg and 
schwarzacher’ located maximal absorption at 413.7 mp. Details of their experi- 
mental work are not given. 

As shown in Fig. 3, we find that in the ease of oxyhemoglobin occurring 
normally in human blood serum, maximal absorption in the principal absorp- 
tion band oceurs at 418 mp. This location is clearly indicated in a considerable 
number of other spectra which we have charted. Early observers, for the most 
part employing less accurate methods of measurement, usually assigned some 
value between 408 and 415 my. In treatises on physiologic chemistry and in 
other recent writings, one of these earlier values usually is quoted, apparently 
without verification. In the absorption curves obtained by Suhrmann and 
Kollath, maximal absorption is indicated at about 408 mp. But the curves are 
only rough approximations, for reasons already stated. The few points which 
are plotted fall more logically on a curve showing maximal absorption at 415 
or 420 mp. In the measurements by Hicks and Holden, who found maximal 
absorption at 411.5 my, it is to be remembered that their results are for solutions 
of purified oxyhemoglobin. In view of our demonstration of the lack of identity 
between oxyhemoglobin normally present in blood and the compound of hemo- 
vlobin formed by oxygenating a solution of purified hemoglobin in water con- 
taining a small amount of ammonium hydroxide or sodium hydroxide, it cannot 
be assumed a priori that the oxyhemoglobin examined by Hicks and Holden has 
an absorption spectrum identical with that of oxyhemoglobin occurring normally 
in blood. 

The average value of the absorption ratio of oxyhemoglobin at wave length 
418 mp, as computed from the three curves from which Fig. 3 was calculated, is 
().000,136 gm. per sq. em., where the concentration is in gm. per ¢.c. and the 
thickness in em. At 427 my the value is 0.000,181. Using these values and the 
density ratios in Table II to caleulate the absorption ratio at 542 mp, the wave 
length of maximal absorption in the B-band, the value comes out 0.00133, not 
in close agreement with the value 0.00110 previously found by the authors.® 
But 0.00133 is much less reliable, being based on curves showing transmissions 
of 82, 85, and 88 per cent, respectively, at wave length 542. At high trans- 
missions (T) the optical densities (—log,,T) are small and vary rapidly with 
changes in T. Therefore the accuracy of the determined values of optical density 
and corresponding density ratios is affected to a disproportionately large degree 
by errors in T, the effect increasing as T approaches 100 per cent. The curve 
showing T = 82 per cent at 542 mu gives an absorption ratio of 0.00107, in good 
agreement with the value found previously. 


METHOD OF CORRECTING FOR ABSORPTION BY OXYHEMOGLOBIN IN DETERMINING THE- 
ABSORPTION SPEUTRUM OR CONCENTRATION OF BILIRUBIN 


We have presented data which clearly show the necessity of making correc- 
tions for the absorption due to traces of oxyhemoglobin when investigating serum 
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mediate values. While at each wave length the magnitude and algebraic sig: 
of the difference shown in the last column are dependent on the choice of wave 
length at which the optical density is taken as reference, the great range in 
magnitudes and the wide departures from zero show without ambiguity thai 
the two spectra cannot belong to identical substances, although the substances 
evidently are rather closely related chemically. This would be true also if 
sodium hydroxide were substituted for the ammonium hydroxide in prepariny 


TABLE III 


COMPARISON OF DENSITY RATIOS FoR SPECTRA OF FIGS. 3 AND 4 


DIFFERENCE, IN PER 
CENT OF VALUE FOR 
FIG. 3 


DENSITY RATIO 


WAVE LENGTH 
— LOG,, T Xx LOG,, Ts)” 


r 


FIG. 3 FIG. 4 


(mp) 

235 5.98 7.32 +22 

254 2.76 3.35 +21 

271 3.03 3.08 + 2 

307 1.45 1.60 +10 

343 2.25 2.78 +24 

370 1.88 3.10 +65 

395 3.60 3.80 + 6 

418 8.77 4.69 —47 

430 5.51 3.50 —36 

442 2.17 1.86 -14 

460 1.000 1.000 0 

510 0.465 0.432 -7 
*Numerator and denominator represent the optical densities at wave lengths \ and 

460 mu, respectively. 


the compound of hemoglobin, as is shown by the nature of the resulting modifiea- 
tions observed in the absorption spectrum. Therefore we conclude that the 
oxyhemoglobin normally present in blood is not identical with the compound 
formed by oxygenating a solution of purified hemoglobin in water containing 
a small amount of ammonium hydroxide or of sodium hydroxide. 

The curves in both Figs. 3 and 4 gave evidence of a very strong absorption 
band, less strong in Fig. 4, with maximal absorption at 418 mp. Two other 
conspicuous bands appear in the ultraviolet, with maximal absorption located 
at or very near wave lengths 271 and 343 my in Fig. 3 but much less definitely 
indicated as to position in Fig. 4. In Fig. 4 the separation of the bands at 418 
and at or near 343,my is masked by the absorption in the region between them. 
Both curves show a cut-off at about 230 mp. 

Few accurate data have been published on the absorption spectrum of 
oxyhemoglobin in the ultraviolet and shorter wave lengths of the visible spec- 
trum. Kayser’? refers to a number of observations made by various investigators 
between 1878 and 1904, but many of the data secured are unreliable or are ex- 
pressed only in approximate figures. Strub** has published absorption curves 
and data for the visible region above 450 mp. Suhrmann and Kollath** show 
absorption curves for solutions of blood, in general shape closely similar to the 
curve in Fig. 3 and with the positions of the absorption bands approximately 
the same. But only eight values are plotted in the entire spectral range between 
315 and 580 my, so that the shape of the curve and the positions of maxima 
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nd minima as shown can be considered only as rough approximations. Hicks 
and Holden® have published values of the wave lengths at which maximal and 
minimal absorption occur in solutions of oxyhemoglobin in the ultraviolet and 
violet spectrum. The oxyhemoglobin was prepared by the method of Adair. In 
the principal band, maximal absorption was observed at 411.5 mp. Berg and 
sehwarzacher’ located maximal absorption at 413.7 mp. Details of their experi- 
mental work are not given. 

As shown in Fig. 3, we find that in the ease of oxyhemoglobin occurring 
jormally in human blood serum, maximal absorption in the principal absorp- 
tion band oceurs at 418 mp. This location is clearly indicated in a considerable 
number of other spectra which we have charted. Early observers, for the most 
part employing less accurate methods of measurement, usually assigned some 
value between 408 and 415 mp. In treatises on physiologic chemistry and in 
other recent writings, one of these earlier values usually is quoted, apparently 
without verification. In the absorption curves obtained by Suhrmann and 
Kollath, maximal absorption is indicated at about 408 mp. But the curves are 
only rough approximations, for reasons already stated. The few points which 
are plotted fall more logically on a curve showing maximal absorption at 415 
or 420 mp. In the measurements by Hicks and Holden, who found maximal 
absorption at 411.5 my, it is to be remembered that their results are for solutions 
of purified oxyhemoglobin. In view of our demonstration of the lack of identity 
between oxyhemoglobin normally present in blood and the compound of hemo- 
elobin formed by oxygenating a solution of purified hemoglobin in water con- 
taining a small amount of ammonium hydroxide or sodium hydroxide, it cannot 
be assumed a priori that the oxyhemoglobin examined by Hicks and Holden has 
an absorption spectrum identical with that of oxyhemoglobin occurring normally 
in blood. 

The average value of the absorption ratio of oxyhemoglobin at wave length 
418 mp, as computed from the three curves from which Fig. 3 was calculated, is 
(000,136 gm. per sq. em., where the concentration is in gm. per ¢.c. and the 
thickness in em. At 427 my the value is 0.000,181. Usity these values and the 
density ratios in Table II to caleulate the absorption ratio at 542 my, the wave 
length of maximal absorption in the B-band, the value comes out 0.00133, not 
in close agreement with the value 0.00110 previously found by the authors.® 
But 0.00133 is much less reliable, being based on curves showing transmissions 
of 82, 85, and 88 per cent, respectively, at wave length 542. At high trans- 
missions (T) the optical densities (—log,,T) are small and vary rapidly with 
changes in T. Therefore the accuracy of the determined values of optical density 
and corresponding density ratios is affected to a disproportionately large degree 
by errors in T, the effect increasing as T approaches 100 per cent. The curve 
showing T = 82 per cent at 542 my gives an absorption ratio of 0.00107, in good 
agreement with the value found previously. 


METHOD OF CORRECTING FOR ABSORPTION BY OXYHEMOGLOBIN IN DETERMINING THE - 
ABSORPTION SPECTRUM OR CONCENTRATION OF BILIRUBIN 


We have presented data which clearly show the necessity of making correc- 
tions for the absorption due to traces of oxyhemoglobin when investigating serum 
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bilirubin spectrophotometrically. If only the concentration of the bilirubin is to 
be determined, it is only necessary to find the transmission of the oxyhemoglobin 
at one wave length, namely, that wave length at which the transmission of the 
bilirubin is used in calculating its concentration. But if the nature of the in- 
vestigation makes it necessary to map the absorption spectrum of the bilirubin, 
the transmission of the oxyhemoglobin must be determined at a sufficient number 
of wave lengths to make it possible to correct the observed transmission spectrum 
throughout its length. In either case the transmission of the oxyhemoglobin at 
any wave length shorter than about 520 or 530 mp must be calculated from its 
concentration, since the bilirubin interferes with direct measurement of the 
oxyhemoglobin transmission. The two methods of estimating traces of oxyhemo- 
globin have been presented and discussed. The procedure to be followed in 
making the corrections will be made clear by the following illustration : 

In Fig. 2, the portion of the curve labeled ‘‘serum’’ lying between wave 
lengths 340 and 580 my is the typical uncorrected curve for serum which contains 
an abnormally high concentration of bilirubin. The hemoglobin concentration 
(C) was estimated to be 0.000,17 gm. per ¢.c., an amount too small to be de- 
tected by the unaided eye. The thickness (L) of serum was 0.0772 em. The 
absorption ratio (A) of oxyhemoglobin at 427 mp (the choice of wave length is 
arbitrary, providing we use the proper absorption ratio) is 0.000,181 gm. per sq. 
em. Therefore at this wave length the transmission T,., is found by substitution 
in Equation (1), which gives 


0.000,181 


0.000,17 = 00772 


logy 


from which T,., — 0.846 or 84.6 per cent. The transmissions at other wave 
lengths are found from this value by the use of Table II]. For example, at 
380 my we have, from the table, 


Since T,., — 0.846, this gives T,,. = 0.949 or 94.9 per cent. Plotting this value 
and others similarly found, the oxyhemoglobin curve shown in the figure is 
drawn. To correct the observed spectrum (curve marked ‘‘serum’’), the trans- 
mission at each of a number of different wave lengths is divided by the corre- 
sponding transmission shown by the oxyhemoglobin curve. For example, at 430 
mp the respective transmissions are 50.3 and 87.1 per cent, therefore the cor- 
rected value is 50.3/87.1 or 57.7 per cent. This value and others similarly de- 
termined are plotted to obtain the dotted curve labeled ‘‘serum minus oxyhemo- 
globin,’’ which represents the corrected bilirubin spectrum between wave lengths 
340 and 580 mp. 

In ease the oxyhemoglobin transmission is first calculated for some wave 
length, A,, other than 427 mp, the density ratios in Table II cannot be used. 
Instead, new values are found by dividing each tabulated value by the value 
given for A,. For example, if A, is 418 my, the density ratio with respect to it 
will be, at 400 my, 0.664/1.33 or 0.499; at 450 my it will be 0.194/1.33 or 0.146; 
and so on. 


log T 380 
= (0.315. 
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If it is desired only to find the concentration of the bilirubin, it is unneces- 
sary to determine the entire oxyhemoglobin curve. Only one value of transmis- 
sion is needed. For example, if the transmission of the serum is determined 
ai wave length 410, it is necessary to know the transmission of the oxyhemoglobin 
only at that wave length. The method of finding it is illustrated above. The 
correction is made by dividing the observed transmission of the serum at 
410 mp by the corresponding transmission of the oxyhemoglobin. The corrected 
viue is used in ealeulating the bilirubin concentration by means of Equa- 
tion (1). 

Such corrections may seem somewhat laborious. But if serum bilirubin is 
t» be studied spectrophotometrically, either the corrections must be made or 
ii must be shown that oxyhemoglobin is not present in amount sufficient to 
aiter the spectrum significantly. So far as oxyhemoglobin in serum is concerned, 
te unaided eye is incapable of deciding whether the serum is spectrally ‘‘clear’’ 
or not. 
DETERMINATION OF CONCENTRATION OF BILIRUBIN 


The concentration of bilirubin is found by substituting in Equation (1) 
the values of A, L, and T. It is best to determine the transmission T at some 
wave length in the most prominent absorption band, preferably at or near the 
wave length at which maximal absorption occurs. In the ease of bilirubin in 
human blood serum, we have found this wave length to be approximately 453 mu. 
The exact value is immaterial, since the absorption band is broad and the trans- 
mission near the minimum varies but little over a considerable spectral range 
(Figs. 1 and 2). Minimal transmission in the narrower oxyhemoglobin band 
is at 418 mu. Therefore the error due to absorption by traces of oxyhemoglobin 
may be largely avoided by measuring the transmission at 450 or 460 my, since 
at these wave lengths the absorption by oxyhemoglobin is very much less than 
at 418 mp (Fig. 3). 

In Table IV are shown the values of the absorption ratios of bilirubin at 
wave lengths 450 and 460 mp, calculated from transmission curves obtained in 
our investigations of the two types of bilirubin in human blood serum and in our 
observations on the development of obstructive jaundice in the dog. All the 
serums were undiluted when examined, except the second, fifth, and sixth, which 
were diluted to one-third the concentration shown in the table by adding 0.1 per 
cent sodium carbonate solution. 

The serums were prepared as follows: The blood was carefully drawn and 
placed in an ice box until clotted, after which the clot was loosened and the serum 
obtained by centrifuging. The serum was returned at once to the ice box or put 
in a Dewar flask containing ice at 0° C., where it was left until its spectro- 
photometric examination, which was made within a few hours. Since the serum 
was kept in the dark and at 0° or a little above, ‘‘fading’’ probably was inap- 
preciable. 

In averaging the values of the absorption ratios (A, Table IV), each was 
assigned a weight proportional to the reciprocal of the error in A resulting 
from an error of 1 per cent transmission in determining the transmission. Such 
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error in A becomes progressively larger as the transmission approaches 0 per 
cent or 100 per cent and is smallest in the range from about 20 per cent to 60) 
per cent. 

The individual values of A in Table IV admittedly vary too much to war- 
rant regarding the averages as highly accurate. To a small extent the variations 
are due to inaccuracy of the spectrophotometric determinations. But carefu! 
consideration has led us to conclude that the variations are due mostly to errors 
in the values of bilirubin concentration C as determined by the van den Berg) 
method. In spite of the large average deviations, the average values of A ob- 
tained from blood serum of man and of dog are in close agreement. The dif- 
ferences (3.5 and 1.8 per cent) are too small to be considered as other than 
experimental. The values for the two kinds of serum probably are identical. 
Also, for each serum the average values at wave lengths 450 and 460 my are very 
nearly equal. For either wave length and for the serum either of man or Jf 
jog we may consider 11.3 x 10° or 0.000,011,3 gm. per sq. em. as the correct 
value of the absorption ratio of bilirubin. This agrees closely with the value 
11.4x10-* found by Cutten, Emerson and Woodruff® for bilirubin dissolved in 
chloroform, at wave length 450 mu. 

It is recommended that in determining the concentration of bilirubin in 
blood serum the transmission be observed at wave length 450 or 460 mp. The 
latter is preferable, since at this wave length oxyhemoglobin absorbs a little less 
radiation than at 450 mp. The absorption ratio for oxyhemoglobin at 460 mp, 
ealeulated from Table II and the value 0.000,136 at 418 my, is 0.001,20 gm. per 
sq. em. 

TABLE IV 
VALUES OF THE ABSORPTION RATIOS (A,,, AND A,,,) OF BILIRUBIN IN BLOOD SERUM, AT WAVE 


LENGTHS 450 AND 460 mu. C Is THE CONCENTRATION OF BILIRUBIN AS DETZRMINED 
BY THE VAN DEN BERGH METHOD 


HUMAN SERUM DOG SERUM 
c rm c rw 
(mg. per 100| (gm./em.?2) (gm./em.2) (mg. per 100| (gm./em.2) (gm./em.2) 


€.¢.) 
1.7 8.5 x 10-6 8.6 x 10-6 1.6 5.0 x 10-6 . 4.8 x 10-6 


9.8 13.7 14.0 2.0 5.1 5.1 

4.3 11.6 11.5 4.5 14.5 14.4 

4.5 11.5 11.4 5.0 10.4 10.5 

15.0 9.1 9.1 6.0 9.8 9.7 

15.0 © 8.5 8.5 8.1 17.1 16.8 
22.3 11.8 12.4 9.2 17.5 17.3 

23.7 16.8 17.1 
Weighted av- 11.1 x 10-% 11.2 x 10-6 11.5 x 10-6 11.4 x 10-6 
erage 
Average devi- 2.1 x 10-6 2.2 x 10-6 4.3 x 10-6 4.2 x 10-6 
ation | 
Weighted average of all values of A,,, = 11.3 x 10-6 gm. per em.2 

Weighted average of all values of A,,, = 11.3 x 10-6 gm. per em.? 


SUMMARY AND CONCLUSIONS . 


The ultraviolet and visible absorption spectrum of bilirubin in blood serum 
was investigated by means of a quartz spectrograph and rotating sector pho- 
tometer, with an under-water spark as source of radiation. Data were obtained 
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on the visibility of small amounts of oxyhemoglobin in water and in blood serum, 
ond on the effects of traces of this pigment in spectrophotometric investigations 
of the components of serum, particularly bilirubin. Characteristic spectra of 
serum bilirubin, of serum oxyhemoglobin and of an oxygenated solution of 
purified hemoglobin in alkalized water are shown and discussed. Some con- 
stants of the absorption spectra of serum oxyhemoglobin and of serum bilirubin 
ave evaluated. A method of calculating the spectrum of a small amount of oxy- 
hemoglobin in serum and of correcting the observed spectrum is described. The 
principal conclusions are as follows: 

1. In blood serum, traces of oxyhemoglobin not detectable by the unaided 
cye may absorb considerable amounts of radiation, modifying the absorption 
speetrum greatly. 

2. In spectrophotometrie investigations of bilirubin in blood serum, correc- 
tions must be made for absorption of radiation by traces of oxyhemoglobin, even 
in serums which appear ‘‘clear,’’ unless it ean be shown that such absorption is 
negligible. 

3. In correcting the absorption spectrum of blood serum or of other body 
fluid for the absorption due to oxyhemoglobin, it is necessary to determine the 
coneentration of oxyhemoglobin and then ecaleulate its transmission (a) at 
various wave lengths, in case the nature of the spectrum is in question;. or (b) 
at one particular wave length only, in ease only the bilirubin concentration is 
required. 

4. The most prominent absorption band of serum bilirubin is very broad. In 
human serum, minimal transmission in this band occurs at or near 453 muy. 
Minimal transmission in the most prominent absorption band of oxyhemoglobin 
in serum is at 418 muy. 

5. The oxyhemoglobin normally present in blood is not identical with the 
compound formed by oxygenating a solution of purified hemoglobin in water 
containing a small amount of ammonium hydroxide or of sodium hydroxide. 

6. Serum oxyhemoglobin has the following absorption ratios, in gm. per 
sq. em.: at 418 mp, 13.6 x 10-°; at 427 mp, 18.1x10-°; at 460 mp, 12.0x 10~. 
The absorption ratios of serum bilirubin at 450 and 460 my are very nearly 
equal, both having approximately the value 11.3 x 10-° gm. per sq. em., both in 
the serum of man and of dog. 

7. It is reeommended that in spectrophotometrie determinations of the con- 
centration of bilirubin in blood serum, the transmission be observed at wave 
length 460 mp. 
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COMPARISON OF BLOOD SUGAR CURVES WHEN GLUCOSE IS 
GIVEN ORALLY AND INTRADUODENALLY* 


EuizaBetu J. Magers, Pu.D., N. Y. 


HE glucose tolerance test is a common clinical diagnostic aid, but its 
value depends upon a knowledge of the various processes concerned in 


the response and upon a careful control of the factors which influence its 
interpretation. These factors include the previous period of fasting, the source 
of the blood used and the amount of exercise taken during the test. Since the 
absorption of glucose by the stomach is negligible’ it seems possible that the 
emptying rate of the stomach might also influence the curve obtained. 


*From the Laboratory of Pathological Chemistry, University Hospitals, State University 


of Iowa, Iowa City, and the Department of Physiology, Vassar College. Received for publica- 


tion, April 25, 1933. 
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In support of this hypothesis John? observed that nausea produced ‘‘pe- 
culiar dips’’ in certain blood sugar curves which he interpreted to mean that 
«bsorption was delayed or stopped for a short time. Beeler, Bryan, Catheart 
and Fitz,* however, noted that after the ingestion of 100 gm. of glucose by 
subjects without evident gastric disease, from 26 to 68 per cent of the glucose 
was still in the stomach at the end of an hour. In the one case in which blood 
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1 2 3. 1 2 


Chart 1.—Blood sugar curves when glucose is given orally and intraduodenally. 
—Oral curve. Duodenal curves. 


sugar figures were reported, the curve reached a peak in thirty-five minutes 
and had nearly returned to the fasting level in one hour. The stomach at this © 
time contained 27 gm. of glucose, an amount which if given to a fasting 
person would increase the blood sugar. This may be explained by the work’ 
of Corit who has shown that glucose is absorbed from the intestine at a con- 
stant rate which within wide limitations is independent of the concentration ; 
and that even after a moderate carbohydrate meal glucose absorption is at a 
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maximum. He states:> ‘‘No indication was obtained, as in the case of 
alcohol, that emptying of the stomach is a limiting factor (in absorption) 
though perhaps more work is required to settle this problem definitely. ”’ 


To what extent then does the emptying of the stomach influence the 
interpretation of the blood sugar curve? Earlier work on this question was 
done by Hale-White and Payne® who reported an experiment on one subject 
to whom they gave glucose into the duodenum at various rates. When 50 gm. 
was given within eleven minutes, the blood sugar curve was almost identica! 
with the one obtained when glucose was given by mouth. When the rate of 
administering the glucose was decreased so that the time required was one 
and five-tenths hours, it was found that the rise was almost identical with 
the other two curves, that the duration of hyperglycemia was greatly in- 
creased and that the descent was similar in all instances. They concluded 
from this case that the emptying rate of the stomach probably does not influ- 
ence the initial rise of the blood sugar, but that it may change the period of 
hyperglycemia. 

It was believed that the clinical significance of the emptying rate of the 
stomach could be more adequately ascertained by comparing blood sugar 
curves obtained when glucose was given directly into the duodenum with 
those obtained when glucose was given by mouth. For this study 12 subjects 
were chosen at random from the hospital wards. Two tests were made on 
each subject at an interval of not less than three days. The test when glucose 
was given by mouth was conducted as usual. After a fourteen-hour fast the 
subjects were given 50 gm. of glucose in a 15 per cent solution as that was 
the concentration found* to pass most quickly from the stomach. The sub- 
jects drank the solution as rapidly as possible, the ingestion requiring less 
than a minute. Finger blood for sugar determination was obtained before 
the ingestion of the glucose and for each half hour thereafter for three hours. 
Blood sugar was determined by means of the Boyd-Gibson micromodification 
of the Folin-Wu method.’ 

For the duodenal tests a Rehfuss tube was given. It was considered that 
the bucket was in the duodenum when a bile-stained alkaline fluid was ob- 
tained by aspirating. The fasting blood sugar was not taken until after the 
tube was in the duodenum, so that if any change occurred in the blood sugar 
due to the swallowing of the tube it could be considered the fasting level. 
Warmed glucose solution of the same concentration as previously given by 
mouth was then given, the administration usually taking from three to five 
minutes. Blood samples were taken as before. 

The data obtained are given in Table I and Chart 1. It is evident that 
the fasting level of the duodenal curves is slightly higher than the oral curves 
in 7 of the 12 cases. The height of the peak in the two types of curves shows 
no consistent relationship, the duodenal peaks are higher in 5 cases, lower in 
4 cases and the same as the gastric curves in 3 cases. At the end of the three 
hours the blood sugar values of each pair of curves approximate each other 
very closely. 
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TABLE I 


A COMPARISON OF BLOCOp SUGAR CUKVES WHEN GLUCOSE IS GIVEN ORALLY AND 
INTRADUODENALLY 


BLOOD SUGAR MG. PER CENT 
AGE WT. KG. DIAGNOSIS 0 I 1% 21% 


16 41 Colitis 123 1383 127 «©6115 6104 86 
*110 142 130 120 111 105 
20 65 Fragile bones 87 163 166 113 76 96 
95 173 147 138 91 84 
16 54 Dental caries 81 212 194 151 123 

135 213 201 135 85 85 
34 67 Arthritis 102. 186 «6.228 «©6165 129 100 
142 213 165 129 110 83 
41 53 Neurasthenia 79 179 175 += 122 97 64 
119 213 232 179 += # 118 83 
37 45 ? 112 214 290 243 224 234 
110 190 226 190 182 128 
37 76 Splenic anemia 114. 153) 
93 155 122 120 110 110 
64 45 Diabetes insipidus} 113 126 153 200 198 147 
138 181 175 137 
53 88 Mild diabetes 105 182 218 164 135 92 
108 228 243 208 172 126 
56 54 Mild diabetes 80 127 190 203 168 165 
93 140 198 190 170 165 
22 73 Diabetes 172 243 300 380 391 324 
151 260 280 311 336 300 
36 64 Diabetes 138 324 385 434 385 311 
158 336 434 385 336 300 


*The second series is the duodenal curve in each case. 


= 


It is apparent from the charted curves that the general shape of the two 
curves for each patient is quite similar. One curve may run consistently 
higher or lower than the other; when there is a tendency toward a plateau, it 
is evident in both curves. : 

SUMMARY 


Blood sugar curves following the administration of 50 gm. of glucose by 
mouth and intraduodenally show no consistent difference. 

It is concluded, therefore, that the emptying rate of the stomach ordi- 
narily has little or no effect on the glucose tolerance test. 
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ELLIPTICAL RED BLOOD CELLS IN MAN* 


A Report or ELEVEN CASES 


SaraH H. McCarry, A.B., BrrmineHam, ALA. 


N HEALTH the erythrocytes of man exhibit such a remarkably constant 

shape that it is of considerable interest when the microsecopist encounters 

* an individual whose erythrocytes in a large proportion of their numbers 
appear not as the usual biconcave dises we are accustomed to see, but as flat- 
tened ellipsoids. This paper is a report of eleven such cases. Four of them 
were discovered in the routine microscopic examination of bloods from 
approximately 10,000 individuals. The other seven cases are relatives of three 
of these four patients. 


HISTORICAL 


During the past twenty-nine years this anomaly has been observed in 
' more than sixty individuals. The first case was reported by Dresbach* * in 
: 1904. The subject was a young medical student who was apparently in good 
health at the time. The observation occasioned considerable scientific debate, 
since the young man died shortly thereafter of a rheumatic heart. One of 
Dresbach’s contemporaries? insisted that the poikilocytosis was the result of 
an obscure form of pernicious anemia or purpura, but Ewing, Erlich and 
other noted pathologists came to the conclusion that it was an anomaly hav- 
ing no relation to a primary blood dyscrasia, since the red cell count and 
hemoglobin values were ‘‘up to standard.’’ Ewald in a personal communica- 
tion to Dresbach stated that a similar observation had been made at Ko6nigs- 
berg twenty or thirty years previously. 

The second case was reported by Bishop‘ in 1914. The patient was a 
“ white male, aged forty-one, who exhibited no evidences of an anemia. Bishop 
/ was able to examine blood from members of his patient’s family and found the 
erythrocytes of a sister similarly deformed. 

Three cases were reported in 1923, one by Sydenstricker® and two, a 
mother and daughter, by Huck and Bigelow.® 

In 1927 Lawrence’ reported a series of eight cases of elliptical and sickle- 
shaped red cells. Since none of his patients exhibited a high percentage of 
deformed cells (5 to 10 per cent is the most reported and this patient suffered 
from a marked anemia) and since he makes no distinction between sickle cells 
and elliptical cells, though he pictures both, these cases have not been in- 
eluded in the total figures of this series. 

In 1928 eleven eases of elliptical erythrocytes were reported from Ger- 
many and Holland, 5 by van den Bergh,*'° 1 by Bernhardt,® and 5 by 


*From the Hillman Hospital Laboratory. 
Received for publication, April 20, 1933. 
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Giinther."" Van den Bergh examined the family of his first patient, and found 
the father and two sisters similarly affected. These 3 individuals were healthy 
and had no anemia. 

In 1929 Hunter and Adams" definitely established the familial nature of 
tie phenomenon by observing the peculiarity in 3 generations of a family of 
lhuteh extraction who had emigrated to the Northwest. 


In 1931 Lawrence’ described 5 cases; 2 of the patients were the child 
and grandchild of one of his hospitalized patients. Later in the same year van 
den Bergh and Rehorst** investigated the antecedents of the family K1l__, 
the American branch of which had been described by Hunter and Adams. 
Tey found 7 other individuals similarly affected. Many of the relatives re- 
fused to have their blood examined or it is probable that the Kl__s would have 
swollen the statistics on elliptical cells still further. In July, 1931, Roth and 
Jing’® described another case in a young white woman whose blood had been 
observed over a period of nine years with no appreciable change in the per- 
centage of cells exhibiting the deformity. 


In February, 1932, Terry and his associates’® '* described two cases with 
autopsy. In March, 1932, Cheney” reported the largest series of cases, 14 in 
all, in 3 generations of a family of Italian extraction. 


In the last twenty-nine years, then (excluding the observations of J. S. 
Lawrence in 1927), the anomaly has been observed in 57 individuals and in 
17 family groups. In addition there are known to be 11 cases not yet re- 
ported in the literature. Sydenstricker has observed 6 cases in addition to 
the one he reported, Jaffe has observed 2, and van den Bergh reports 2, one 
seen by Dr. Pelger of Amsterdam and one by Dr. Vroorn-Hilder. I include 
also the case at Kénigsberg with which Ewald was familiar. Males and fe- 
males have been about equally affected. It has been seen in the mulatto, the 
American negro and in whites of Dutch, German, Italian, Scotch, and Hebrew 
extraction. The youngest individual known to have the peculiarity was aged 
nine months (see below) and the oldest was aged eighty-four (Giinther’s 
case"), 
CASE REPORTS 


On only 3 of our cases was it possible to do detailed work. These pa- 
tients remained in the hospital for some time and have been observed from 
time to time ever since. In the case of relatives showing the elliptical anom- 
aly, it was practicable to make only microscopic blood examinations, 


CasE 1.—B. T., a negress, aged twenty-five years, was admitted to the Hillman Hospital 
with typhoid fever. The Widal reaction was strongly positive, the leucocytes numbered 7,150. 
In making the differential blood count it was noted that 90 per cent of the red blood cells 
were peculiarly deformed, being about twice as long as they were broad. At this time we 
were investigating the incidence of meniscocytosis among our hospital patients, and we pre- 
pared wet preparations of this blood in the usual manner. The striking elliptical deformity 
was present in these wet preparations also, but no ‘‘sickling’’ occurred. Repeated examina- - 
tions of smears and cells collected in various fluids, Hayem’s solution, Locke’s solution, 
physiologic saline, citrate, and oxalate, always revealed the same abnormality. Blood has been 
collected from this woman from time to time during the last eight years. The hemoglobin 
values have ranged from 74 to 68 per cent (Sahli), the erythrocyte count from 4,630,000 to 
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3,200,000 per c.mm. All hemoglobin values have been checked with the Van Slyke apparatus 

and counts have been made with U. S. Bureau of Standards pipettes. Except for a brief 

period when the patient was recovering from an anemia due to a severe menorrhagia, the color 
: index has always been slightly greater than 1. In spite of this the cells in the smear appeared 
. achromic. In examining wet preparations these pale-staining central areas appeared to repre- 
. sent biconcavities. In addition to the definitely elliptical cells there were many poikilocytes, 
sausage-shaped, bifid and tailed forms. The elliptical cells varied considerably in their 
dimensions. Micrometer measurements made on 1,000 cells in wet preparations gave average 
diameters of 10 by 4.5 by 2.7 micra. The thickness of the cell was hard to calculate, owing 
to the difficulty with which rouleaux were formed. Instead of stacking in rouleaux, the cells 
tended to group themselves in chains with the ends of the cells overlapping, similar to the 
phenomenon observed in camels’ cells by Ponder.25 Various methods for more accurate 
measurements were attempted, notably the Price-Jones method,?3, 26 but this proved too elab- 
orate for routine use, and it was found difficult to measure the fresh cells accurately even 
. with the micrometer, owing to the movement of the cells in the suspending fluid. Following 
Haden’s suggestion!® and working somewhat along the lines adopted by Emmons,?° it oc- 
eurred to us that the volume index might offer a good check on the size of the cells, since 
this would give us measurements of fresh cells in three dimensions. The volume index of this 
woman’s blood was 1.23, as compared with a normal of 0.96. 


Fig. 1.—Stained film of blood of B. T. Tailed and bifid poikilocytes are seen. 


The percentage of deformed cells was 91.1 in smears and 91.0 in -wet preparations. 
. These figures are based on counts of the number of poikilocytes occurring in 1,000 cells sus- 
pended in Hayem’s fluid, and 1,000 fixed cells. The reticulocyte count was 0.2 per cent, the 
icteric index 3.9. Initial hemolysis occurred in 0.44 per cent NaCl, and was complete in 
0.30 per cent. 

Two sisters and a niece aged nine months, exhibited the anomaly. One sister had 
17 per cent of deformed cells, the other 27 per cent. The baby showed 26.9 per cent of the 
erythrocytes to be elliptical. A brother and two first cousins showed no alteration in the 
shape of their red cells. 


Case 2.—F. M., a negress aged twenty-six years, was admitted to the gynecologic service 
in March, 1928, and salpingectomy was performed. Microscopic examination of the blood 
showed elliptical erythrocytes occurring in the following percentages: 

96.01 per cent in Hayem’s solution 
78.4 per cent in fixed smears 

The elliptical cells were much more uniform in measurement than in the case of B. T. 
The largest cell measured was 11.5 by 5.5 micra, the smallest 8.6 by 4.8 micra. Average 
measurements for 1,000 cells in wet preparations were 9.6 by 5.4 by 1.8 micra. In some cells 
two pale-staining areas taken to represent biconcavities were seen one below the other placed 
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in the long axis of the cell. These cells resembled more closely than any others in this series 
the cells seen in the blood smear of a camel, 

Hemoglobin values have ranged from 56 to 84 per cent (Sahli) in samples of blood 
taken at various times during the last five years. The erythrocyte counts have varied from 


90050 


Fig. 4.—Wet preparation of blood of E. M., son of F. M. The percentage of elliptical cells 
is much less than in the mother’s blood. 


2,870,000 to 4,030,000 per e.mm. with a color index always of 1.1. The volume index was 1.04. 
It will be seen that although these cells are unusually long, their measurements for breadth 
and thickness are so diminished that they have very nearly a normal volume. ‘‘Fragility’’ 
test: initial hemolysis at 0.40 per cent NaCl, complete hemolysis in 0.32 per cent NaCl. 
Reticulocytes 0.3 per cent. Icteric index 9. 
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Fig. 2.—Stained film of blood of F. M. Fig. 3.—Wet preparation of blood of F. M. 
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~The family of this woman proved rather difficult to examine, but the patient’s three 
sons consented to have samples of blood withdrawn. One of them aged six years showed 
17.7 per cent elliptical cells in smears, and 20 per cent in suspensions of Hayem’s fluid. The 
other two showed no abnormalities. 


CASE 3.—P. T., a negro male, aged fifty-four years, was admitted to the medical ward 
with lobar pneumonia in June, 1928. When the differential smear was counted a large per- 
centage of elliptical cells were noted and the technician returned to the ward for further 
specimans. In the meantime, the patient had died. His relatives refused permission for 
autopsy and also to have specimens of their blood examined. This case is recorded merely to 
complete the incidence of the anomaly in this series, since confirmatory examinations could not 
be made. 


Case 4.—E. Me., a negro man, aged forty-eight years, was admitted to the medical 
service in March, 1930, with acute alcoholism; 48 per cent of his erythrocytes were of 


Ge 


Fig. 5.—Stained film of blood of patient E. Mc. A few ‘double biconcave” cells can be seen. 
Fig. 6.—Wet preparation of blood of E. Mc. 


elliptical outline when seen in Hayem’s fluid, 40 per cent were elliptical in smears. His cells 
were the largest noted in our series, averaging 13.3 by 5.78 by 2.89 micra (micrometer measure- 
ments in wet preparations). The round cells had an average diameter of 8 mu. Hemoglobin 
values have varied from 78 to 74 per cent (Sahli) red counts from 4,160,000 to 4,030,000 with 
a color index of 0.9. The volume index was 1.5. This is a higher value than is the average 
even in pernicious anemia, The cells packed to 60 per cent of the whole blood volume, whereas 
normal cells pack to 48 per cent of the blood volume. The volume of the elliptical cells 
computed from actual measurements is 193.2 ¢. micra. This will give some idea of their 
enormous size. ‘‘Fragility’’ test: initial hemolysis at 0.40 per cent, complete hemolysis at 
0.30 per cent NaCl, reticulocytes 0.3 per cent, and icteric index 6.9. 

It was possible to examine the blood from three generations of this family. Two 
daughters aged twenty-four and twenty-seven years, showed 15.6 and 17 per cent elliptical 
cells in Hayem’s fluid. A granddaughter aged three years showed 10.3 per cent elliptical 
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ees. In examining bloods showing less than 20 per cent of the erythrocytes to be elliptical, 
it is rather hard to recognize the anomaly and in routine examination we would probably 
pass them up at best with a remark of ‘‘moderate poikilocytosis.’’ 


INVESTIGATIONS TO DETERMINE THE NATURE OF THE ANOMALY 


1. The first problem that presented itself was the necessity of differ- 
entiating the elliptical phenomenon from meniscocytie anemia. The two kinds 
of deformity are in no way comparable. In the first place, sickle cells are 
rerely present in large numbers in blood smears, the percentage of deformed 
ce!ls inereasing materially when a drop of blood is placed under a thin cover 
slip and an interval of several hours allowed to elapse. The percentage of 
elliptical cells when examined in wet preparation after a lapse of several days 
remains the same. Again when a drop of blood from a ‘‘sickler”’ is placed 
between a slide and cover slip and fixed in formalin by the time fixation is 
complete, practically every cell is deformed. Cells from elliptical cell pa- 
tients show no material change in size or shape after formalin fixation. Sickle 
ceil anemia is a disease characterized by periods of exacerbation when blood 
destruction is very evident. There is urobilinuria, increase of bile pigments 
in the serum. Examination of urine from the three elliptical cell patients on 
whom it was possible to do extensive work showed no urobilin. While the 
icteric index of one of these patients (F. M.) was 9, well within the range of 
latent ieterus, the quantitative van den Bergh reaction gave an amount of 
serum bilirubin too small to estimate colorimetrically. Again sickle cell cases 
show at periods remarkable activity of the hematopoietic system, as indicated 
by enormously increased reticulocyte counts. None of these cases showed any 
increase in reticulocytes, and it is of note that in the literature reticulocytes 
were increased only in those subjects who showed a concurrent anemia. Finally, 
none of the clinical evidences of sickle cell anemia were present. It seems 
conclusive to us, therefore, that this anomaly is in no way connected with 
sickle cell anemia, and its causal relationship to any other anemia, or to any 
disease, has never been definitely established. 


Our next problem was a study of the external factors which might influ- 
ence the shape of these elliptical cells. Many observers have noted that 
various physical forces, such as pressure on the cover slip, washing repeatedly 
in isotonic saline solution, and increase in temperature diminished the per- 
centage of elliptical cells, or even caused them to disappear entirely. We have 
never observed any change in the shape of the elliptical cells due to any of 
these factors. Wet preparations sealed with paraffin and observed over a 
period of six weeks showed no evidence of ‘‘rounding up,’’ either when kept 
at room temperature, in the ice box, or in the incubator. The only change in 
the incubator preparations was a more rapid hemolysis than in the prepara- 
tions kept at lower temperatures. Cells washed six times in isotonic saline 
showed no increase in the percentage of round forms by actual counts. 


We tried to determine the cause of the smaller number of ellipses occur- | 
ring in the smears than in the wet preparations. We found this in all but 
one of our cases (B. T.). This has been found also by most observers, notable 
exceptions being Hunter and Adams’ who found about 10 per cent less de- 
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formity under No. 0 cover slips, than in stained smears. Giinther™ h.s 
offered a rather ingenious explanation for this ‘‘rounding up”’ of ellipses 
when they are spread out, but to me it is not entirely conclusive. I have 
examined smears of camel’s blood, kindly furnished me by Dr. Charles Noback 
of the New York Zoological Gardens. At the margins of these smears, and in 
areas where the cells are deformed by pressure from other cells, an occasional 
round cell is seen. Any one who routinely examines large numbers of blocd 
smears has observed that there is frequently considerable variation in the 
shape and size of the cells in certain areas, even with the greatest care of 
glassware and the most constant technic. 

The influence of chemical agents on the shape of the elliptical erythro- 
cytes was studied as follows: 

A. Hemolytic Agents—Hypotonie sodium chloride, saponin and sodium 
taurocholate were used. With the saponin and sodium taurocholate we pre- 
pared dilutions in the strengths recommended by Yeager.”? Cells taken from 
the tubes where hemolysis was not complete were practically all ellipsoid. 
The elliptical cells appear, therefore, more resistant to hemolytic agents than . 
the normally shaped cells. Cells examined from the hypotonic saline solu- 
tions appeared unusually large and full, the biconcavities have been smoothed 
out and the enveloping membrane appears tightly stretched over the swollen, 
turgid cell contents. This apparent swelling of the erythrocyte is always 
noted just before hemolysis in normal red blood ecells.** 

Terry’ 7* has devised an ingenious experiment which offers considerable 
support to the view that the elliptical cells are more resistant to the action 
of hypotonic NaCl than the round cells. He allowed the blood to sediment 
and examined cells taken from the upper and lower layers of the blood. He 
found a greater percentage of ellipses at the bottom of the tube, and con- 
cluded that these cells were heavier. He then ran ‘‘fragility’’ tests on both 
layers of cells and found that, whereas the upper layer of cells (i.e., the 
round cells) gave resistance curves corresponding to the normal controls, the 
lower layer of cells (i.e., the ellipses) showed a much wider range, that is, 
hemolysis began in higher concentrations of NaCl, and was complete in lower 
concentrations. This type of curve is one frequently observed in menisco- 
eytic anemia. We have attempted to repeat his experiments but have not been 
able to get the elliptical cells to sediment. Blood taken from the lower levels, 
either in samples that had been centrifuged, or allowed to sediment, showed 
by actual counts no increase in the number of ellipses above counts taken 
from the topmost layers. Another explanation of Terry’s findings has oc- 
curred to us. It is well known that reticulocytes and other young erythro- 
eytes are more resistant to hypotonic saline solutions than are the older more 
‘*fragile’’ cells. These cells are also in all probability heavier than the more 
mature cells, since they contain traces of stroma and a larger amount of 
hemoglobin. In both of Terry’s cases the reticulocytes were increased (8 per 
cent in one case). I would suggest that the resistance curves he obtained 
may be dependent on the increased numbers of immature erythrocytes in his 
preparations. It is of note that some of the other observers who found in- 
creased ‘‘fragilities’’ also found an increased number of reticulocytes and 
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basie staining red blood cells. Roth’s case’® showed 4.5 per cent reticulocytes. 
Hemolysis began at 0.48 per cent NaCl and was complete in 0.28 per cent 
NaCl. Bernhardt’s case® showed initial hemolysis at 0.44 per cent, complete 
ai 0.26 per cent NaCl. He reports ‘‘polychromatophilia + 2.’’ 

B. The Influence of Normal Blood Sera—Normal blood sera, both homolo- 
gous and heterologous showed no influence on the shape of these elliptical 
erythrocytes. The serum of these patients did not change the shape of cells 
teen from normal individuals in the same group. This finding has been uni- 
versal among all observers. 

C. The Influence of Lipoids—Since the presence of a cell membrane of 
the erythrocyte is such a disputed question, and since if it does exist, it is 
thought to consist almost entirely of lecithin, we undertook a determination of 
the influence of lecithin and cholesterol on the shape of these cells. An emul- 
sion of lecithin (Eastman Kodak Company, Practical) was prepared in 
physiologic salt solution and the cells were washed in it. Almost every cell 
assumed a round outline after the first washing. Lecithin has been found to 
produce artificial poikilocytosis of normal erythrocytes.” Except for slight 
erenation and shrinkage, however, we observed no changes in the appearance 
of the red cells of normal individuals washed in similar suspensions of 
lecithin. 

When the elliptical cells were washed in cholesterol suspensions, no al- 
teration in their shape or size occurred. 


DISCUSSION 


The familial incidence of this anomaly has been suspected since the first 
case was reported, and has been definitely established by the researches of 
Hunter and Adams, confirmed further by van den Bergh and Rehorst, and 
finally by Cheney. These observers have been the only ones with large enough 
series of cases to draw any definite conclusions as to the mode of inheritance. 
The anomaly can be transmitted through either the male or the female. 
Cheney believes it is most probably inherited as a dominant Mendelian char- 
acter. While our series is by no means as large or as complete as his, and it 
has been possible for us to study three generations in only one family group 
(E. Me.), we noted that in each generation of this family, the percentage 
of elliptical cells tends to decrease. Thus 48 per cent of the grandfather’s cells 
were elliptical, while the daughters’ cells were deformed in only 15 and 17 
per cent, and only 10.3 per cent of the granddaughter’s cells were ellipti- 
cal. It seems probable to us, therefore, that in some cases, at least, the inheri- 
tance is as a blended Mendelian character, the original trait occurring as a 
sport, and the f, generation inheriting round cells from one parent and ellipses 
from the other. Hunter and Adams report in some of their cases ‘‘ very few”’ 
and ‘‘rare’’ ellipses. In the ease of B. T., however, members of the same 
generation showed widely varying numbers of deformed cells. B. T. herself 
had 91 per cent of cells deformed, while her sister, A. B. T., had only 17 per ~ 
cent deformed. 

It has been thought that the blood grouping of these individuals might 
shed some light on the ethnology of the disease. Individuals exhibiting the 
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‘anomaly have been found in all four common biood groups. Three of our 


hospitalized patients were in Group III (Moss). The others were not typed. 


Attempts to determine the etiology of the anomaly have so far proved 
unsuccessful. It cannot be transmitted from individual to individual by blood 
transfusion. Autopsies by Terry'® '* and sternal punctures and splenie punc- 
tures by a number of observers® ** 17 seem to offer definite evidence thet 
the cells are not ellipses as they are formed, but as they mature they are 
subjected to the influence of some as yet unknown constituent of the plasma 
which causes them to assume their peculiar shape in the circulating blood. 
They are found in the vessels of the viscera (heart, spleen, and marrow 
spaces) as well as in the peripheral blood. Splenectomy did not affect the 
shape of these erythrocytes.” 

The whole question of the factors influencing the shape of the erythro- 
cyte and its peculiar constancy, is such an unsatisfactory one that we shall 
probably not be able to solve this problem of the shape of these elliptical 
cells until the more fundamental problems surrounding the usual shape of the 
erythrocyte are better understood. We need to know a great deal more about 
hematopoiesis and the mechanism of the release of the red cells into the cireu- 
lation and their ultimate fate, before we can speculate further upon these 
questions. The question of nomenclature has been troublesome. We quite 
agree with Terry and his associates that this form of poikilocytosis should 
not be grouped with sickle cell anemia. Ovaleytosis and ovalemia have been 
suggested. Neither of these terms is entirely satisfactory but none better has 
been suggested. 

Finally it may be said that this anomaly so far as we have been able to 
ascertain has no relationship to disease, in particular to the hemolytic ane- 
mias. It has been found in our series to occur in about 0.04 per cent of indi- 
viduals. All our cases were in negroes. 


REFERENCES 


. Dresbach, M.: Elliptical Human Red Blood Corpuscles, Science 19: 469, 1904. 
- Flint, A.: Elliptical Human Erythrocytes, Science 19: 796, 1904. ; 
. — ag Elliptical Human Erythrocytes (A Supplementary Statement), Science 
: 473, 1905. 
. Bishop, F. W.: Elliptical Human Erythrocytes, Arch. Int. Med. 14: 388, 1914. 
. Sydenstricker, V. P.: Elliptic Human Erythrocytes, J. A, M. A. 81: 113, 1923. 
- Huck, J. G., and Bigelow, R. M.: Poikilocytosis in Otherwise Normal Blood, Bull. Johns 
Hopkins Hosp. 34: 390, 1923. 
. Lawrence, J. 8.: Elliptical and Sickle-Shaped Erythrocytes in the Circulating Blood of 
White Persons, J. Clin. Invest. 5: 31, 1927. 
. Van = Bergh, A. A. H.: Elliptische rote Blutkérperchen, Arch. f. Verdauungskr. 43: 
65, 1928. 
x —— H.: Ovalzytose der Erythrozyten als Anomalie, Deutsche med. Wehnschr. 
: 987, 1928. 
. Van den Bergh, A. A. H.: Ueber elliptische rote Blutkérperchen, Deutsche med. Wehnschr. 
54: 1244, 1928. 
11. Giinther, H.: Die klinische Bedeutung der Ellipsenform der Erythrozyten, Deutsche 
Arch, f. klin. Med. 162: 215, 1928. 
12. Hunter, W. C., and Adams, R. B.: Hematologic Study of Three Generations of a White 
Family Showing Elliptical Erythrocytes, Ann. Int. Med. 2: 1162, 1929. 
13. Lawrence, J. S.: Human Elliptical Erythrocytes, Am. J. M. Se. 181: 240, 1931. 
14. Van den Bergh, A. A. H., and Rehorst: A propos des hematies elliptiques (1’ovaleytose) 
Rev. belge des sc. med. 3: 683, 1931. 
15. Roth, O., and Jung, E.: Zur Kenntnis der Ovalzytose, Folia Haemat. 44: 549, 1931. 


4 
Ps 
ve 
Car 
4 
4 


EAGLE: STUDIES IN SEROLOGY OF SYPHILIS 621 


. Terry, M. C., Hollingsworth, E. W., and Eugenio, V.: Elliptical Human Erythrocytes, 
Report of Two Cases, Arch. Path. 13: 193, 1932. 
17. Cheney, G.: Elliptic Human Erythrocytes, J. A. M. A. 98: 878, 1932. 
‘8. Terry, M. C., Hollingsworth, E. W., and Eugenio, V.: Elliptical Human Erythrocytes, 
Report of Two Cases, Med. Bull. Vet. Admin. 9: 7, 1932. 

‘9. Haden, R. L.: Volume and Hemoglobin Content of Erythrocytes in Health and Disease, 
Folia Haemat. 31: 113, 1925. 

‘0. Emmons, W. F.: Interrelation of Number, Volume, Diameter and Area of Mammalian 
Erythrocytes, J. Physiol. 64: 215, 1927. 

‘1, Kanellis, E.: Klinische experimentelle Untersuchungen sur Genese der Poikilozytose, 
Wien. klin. Wehnschr. 40: 1290, 1927. 

. Yeager, J. F.: Hemolysis by Saponin and Sodium Taurocholate with Special Reference " 
to the Series of Ryvosh, J. Gen. Phys. 11: 779, 1928. 

. Collatz-Giesson, B.: Das Blut des Menschen: mit neueren Methoden untersucht, ver- 
gliechende Untersuchungen iiber die Messung des Durchmessers der Erythrozyten 
mit Okularschraubenmikrometer und auf Photogrammen, Arch, f. d. ges. Physiol. 
220: 691, 1928. 

“4. Ponder, E.: The Erythrocyte and the Action of Simple Hemolysins, Oliver and Boyd, 

London, 1924. 
5, Ponder, E., Yeager, J. F., and Charipper, H. A.: Haematology of the Camelidae, Zoologica 
11: 1, 1928. 
“6. Pohle, K.: Uber die Grésse und Grossenstreuung der roten Blutzellen bie Animien, 
Ztschr. f. klin. Med. 106: 651, 1927. 


to 


STUDIES IN THE SEROLOGY OF SYPHILIS* 


XIII. THe Use or THE SAME ANTIGEN FOR THE WASSERMANN REACTION AND THE 
AUTHOR’s FLOCCULATION TEST; AND A RECOMMENDED WASSERMANN TECHNIC 


Harry M.D., BALtimore, Mp. 


N A previous paper of this series' I reeommended the use of a more strongly 
fortified antigen in the Wassermann reaction, an alcoholic beef heart extract 
supersaturated with cholesterol (0.8 per cent) and sitosterol (0.6 per cent). 
This antigen was used in some 80,000 tests at the Johns Hopkins Hospital, and 
proved highly sensitive and specific. A distinct anticomplementary action of 
the 1:200 antigen dilution, due to the coarseness of the lipoid suspension, was 
completely masked when one used 0.1 or 0.05 of serum in the test, in a total 
volume of from 0.05 to 0.06 c¢.e. 

A flocculation test was subsequently devised? based on the use of a new 
sterol derived from corn germ as an adjunct to cholesterol, each sensitizer being 
added to a purified alcoholic beef heart extract in a concentration of 0.6 per 
cent. A priori, this flocculation antigen should prove equally serviceable in the 
Wassermann test, for the two antigens differ in no essential respect save the 
substitution of corn germ sterol for sitosterol. In actual practice, they have 
been found to yield practically identical results in a series of 2,630 Wassermann ° 
tests on approximately 400 patients with syphilis, and on approximately 1,300 
patients with various diseases in a general hospital and dispensary population 
(Table I). 


Sil nn the Syphilis Division of the Department of Medicine, Johns Hopkins Medical 
School. 
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The author therefore suggests that the use of the Wassermann antigen first 
described by him be discontinued, and that the same antigen* be used for both 
the Wassermann and precipitation tests. The Wassermann technic now in use 
is briefly outlined below. 

It should be again* pointed out that tests with highly sensitized anti- 
gens should not be ineubated for more than four to eight hours in the ice 
box, as even 1:100 dilutions of the antigen are significantly anticomplemen- 
tary upon overnight incubation. Nevertheless, as has been shown in the pre- 
ceding paper of this series,* a four hour ice box test with a highly sensitized 
antigen, followed by thirty minutes’ incubation at 37° C., detects a larger 
proportion of syphilitic sera than an eighteen hour test with an antigen so 
weakly fortified as to be safe for overnight use. Moreover, with the technic 
outlined below, highly sensitized antigens have not been found to yield false 
positive reactions,® other than the unavoidable technical slip-ups encoun- 
tered in any laboratory with any technic, and which in a carefully analyzed 
series of 26,611 tests‘ occurred about once in every 900 tests. 


An Outline of Wassermann Technic 


Antigen.*—Fifty grams of dried powdered beef heart (Difco) are extracted 
for fifteen minutes at room temperature or at 37° C. with 200 ¢.c. anesthesia 
ether, with frequent shaking. The mixture is filtered, and the process repeated 


TABLE 


RESULTS OBTAINED WITH THE FLOCCULATION USED AS WASSERMANN ANTIGEN, IN COMPARISON 
WITH THE WASSERMANN ANTIGEN ORIGINALLY DESCRIBED (2,630 TESTS) 


ABSOLUTE RELATIVE RELATIVE DIS- | ABSOLUTE DIS- 
AGREEMENT AGREEMENT AGREEMENT AGREEMENT 
99% 0.5% 0.4% 0.1% 
Original Wassermann anti- 
gen 1:200 dilution + + - + + - z - + 
Floceulation antigen 1:100 
dilution + - + + 2 + 
892 106 1,606 0 1 


3 times. The moist powder is washed on the filter with 100 ¢.c. fresh ether, dried, 
and extracted with 250 c.c. of 95 or 96 per cent ethyl alcohol for three or five days 
at 20°-37° C. The mixture is then filtered, the moist powder washed with fresh 
alcohol until the filtrate is colorless, and the combined filtrate and washings are 
made up to 250 e.c. Cholesterol (1.5 gm.) and corn germ sterol (1.5 gm.) are 
then added and dissolved by boiling, a final concentration of 0.6 per cent for 
each. The antigen is used in the Wassermann test in a 1:100 dilution, prepared 
by slowly pouring 99 volumes of 0.85 per cent NaCl into 1 volume of antigen. 
Complement.—The pooled serum of from 3 to 7 guinea pigs, allowed to 
stand on the clot overnight at 0°-4° C., is used in a 1:10 dilution. 
Serum.—The serum to be tested is inactivated for twenty minutes at 56° C. 
Cells.—Sheep’s blood is collected in citratet under sterile precautions, Cane 
sugar is then added in bulk to a concentration of 2.5 per cent. Kept in the 


*The antigen or the corn germ sterol can be obtained from the Digestive Ferments Co., 
Detroit, Michigan. 


{Twenty volumes of blood into 1 volume of sterile 20 per cent Nas-citrate. 
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ice box, the cells remain in good condition for at least two weeks. This use of 
sugar to prolong the life of the cells was first suggested by Rous and Turner,® 
‘ut has unaccountably failed of general adoption. Not only does the sugar post- 
pone spontaneous laking of the cells, but most important, because their resist- 
anee to hemolysis by complement is also maintained at a high level, the incidence 
£ doubtful (so called 1+, 2+, 3+) results is greatly diminished. 

The blood is washed once or twice in 10 volumes of 0.85 per cent salt solution, 
and the measured cell sediment resuspended in 32 volumes of salt solution, mak- 
‘ng a 3 per cent suspension. The minimal hemolytic quantity (unit) of ambocep- 
‘or is then determined (Table II), and 3 units are added to the cells in an equal 
volume of salt solution, making a 114 per cent suspension of sensitized cells. 


TABLE II 


AMBOCEPTOR TITRATION 


Cells, 3%, c.c. 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
1:400 1:800 1:1,200 1:1,600 1:2,400 1:3,200 
Amboeeptor, c¢.e. 0.2 0.2 0.2 0.2 0.2 0.2 0 
0.85 NaCl, e.c. 0.4 0.4 0.4 0.4 0.4 0.4 0.6 
Complement, 1:10, c.c. 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
Reading of hemolysis complete complete complete complete complete partial none 
after one-half hour 
at 37° C. 


Two-tenths cubic centimeter of a 1:2,400 amboceptor dilution therefore represents one 
unit. The entire 3 per cent cell suspension is then sensitized with an equal volume of 1:800 
amboceptor, making a 1% per cent suspension of cells sensitized with three units of amboceptor. 


The tests are set up as outlined in Table III, and the tubes are placed for 
four hours in the ice box, followed by one-half hour in the 37° C. water-bath. 


TABLE III 


THE ROUTINE SERUM WASSERMANN TEST 


SERUM ANTIGEN COMPLEMENT 


CONTROL — CONTROL CONTROL 
Serum, c¢.c. 0.1 0.1 0.05 - - = 
Complement 1:12, c.e. 0.2 0.2 0.2 0.2 0.2 0.1 0.05 
Antigen 1:100, c¢.c. - 0.2 0.2 0.2 - - = 
0.85% NaCl, ¢.c. 0.2 - - 0.2 04 05 0.5 


From four to six hours at 0°-5° C., followed by one-half hour at 37° C. Then add 0.4 c.c. 
sensitized cells. Read results after twenty or thirty minutes at 37° C. 


TABLE IV 


QUANTITATIVE WASSERMANN TEST FOR THE Exact TITRATION OF A KNOWN POSITIVE SERUM 


SERUM CONTROLS | TEST PROPER 
Serum, c.c. 0.2 0.05 0.2 0.05 
Serum 1:25, 


0.4 02 0.1 0.05 0.025 0.0125 


Complement 1:10, ¢.c. 0.2 0.2 0.2 02 02 02 02 02 «0.2 0.2 
Antigen 1:100, ¢.c. - - 0.2 02 02 02 02 «0.2 
NaCl, 0.85%, ¢.c. 0.2 0.2 0.2 0.2 0.2 


Complement and antigen controls as in Table III. The six tubes correspond to serum dilu- 
tions of 1, 1:4, 1:12, 1:25, 1:50, 1:100; and the reagin content of any serum may be arbitrarily ex- 
pressed as the maximum dilution yielding a positive result. Thus, a reading of 444440 corre- 
sponds to a reagin titer of 50; a reading of 444420, to a titer of approximately 35, and so on. 
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Four-tenths cubic centimeter of the sensitized cell suspension is then added to 
all the tubes. The antigen controls should clear within ten minutes. The com- 
plement controls containing 0.2 and 0.1 ¢.c. of complement, should both hemolyze 
completely within one-half hour, while that containing 0.05 ¢.c. of complement 
should not, inasmuch as the three units of amboceptor automatically correspond 
to 214 or 3 units of complement. The results of the test may be read within five 


TABLE V 


SPINAL FLUID WASSERMANN TECHNIC 


CONTROLS | TEST PROPER 


Spinal fluid, c¢.c. 1.0 0.1 10060060604 «(0.1 (0.05 

Spinal fluid 1:10, 0.2 0.1 0.05 
; Complement 1:10, cc. 0.2 0.2 0.2 02 02 O02 02 02 02 02 £02 
Antigen 1:100, c¢.c. 02 02 O02 02 02 02 02 O02 0.2 


Four hours at 0°-5° C., followed by one-half hour at 37° C. Add 0.4 c.c. sensitized cells. 
Read after twenty or thirty minutes at 37° C. 


minutes of the time the antigen controls have cleared, about twenty or thirty 
minutes in all. If neither tube of the test shows any evidence of hemolysis, the 
result is positive; if either tube shows partial hemolysis, the result is doubtful; 
if both tubes are completely hemolyzed, the result is negative. 

For the quantitative titration of a known positive serum, the same test is 
earried out on a series of serum dilutions as outlined in Table IV. The spinal 
fluid technic is outlined in Table V. It need be carried out routinely only down 
to 0.05 ¢e.e., but it is advisable to add the last three tubes with spinal fluids con- 
taining abnormally high quantities of protein. 


SUMMARY 


Properly diluted, the flocculation antigen described by the author has been 
found to be equally serviceable in the Wassermann reaction. The results are as 
sensitive and specific as those obtained with the highly fortified Wassermann 
antigen described in a previous paper of this series. It is therefore suggested 
that the use of the latter be discontinued, and the same antigen be used in both 
the Wassermann and flocculation tests. A recommended Wassermann technic is 
outlined. 
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A PROBABLE UNUSUAL CASE OF HODGKIN’S DISEASE* 


Donatp C. Braver, M.D., anp R. JoHNson, M.D. 
RocHESTER, MINN. 


. yy unusual clinical and pathologie diagnostic problems were presented 
»/7 in the case to be reported here, that it seemed desirable to place it on 
:seord. The clinical features of the illness were those of an acute infectious 
process characterized by continued fever, weakness progressing to exhaustion, 
ehbdominal distention without pain, and diarrhea, all suggestive of a typhoid 
siate, but with repeatedly negative Widal tests. The pathologic changes were 
characterized primarily by proliferation of reticulo-endothelium and lympho- 
cytes, and extreme necrosis, with involvement of the liver, spleen, and abdomi- 
nal lymph nodes. The pathologie interpretation of these changes was as diffi- 
cult as the clinical interpretation of the syndrome. Extreme necrosis had 
obseured the picture almost to the point of nonrecognition. The differential 
identification of inflammatory granulomas such as occur in tularemia and un- 
dulant fever, from Hodgkin’s granuloma or a sarcomatous neoplasm was not 
easily made. Finally, after prolonged study of multiple histologie prepara- 
tions, we concluded that we were dealing either with an unknown granuloma- 
tous process or, as seemed more likely, an unusual manifestation of Hodgkin’s 
disease. 


REPORT OF A CASE 


The patient was an unmarried white woman, aged twenty-six years, whose entire life 
had been spent in southern Minnesota. In childhood she and an older brother had been 
victims of an epidemic of catarrhal jaundice which had swept the community, but recovery had 
been prompt and uncomplicated. She had expericnced the usual infectious diseases of child- 
hood, and had always suffered from a ‘‘weak stomach,’’ according to her mother. Nausea, 
regurgitation, or vomiting often followed excessive excitement. She had pursued an un- 
eventful life until she was aged twenty-two years, at which time symptoms of peptic ulcer 
appeared. These symptoms had become so severe that six months after their onset, sub- 
acute perforation was suspected, and she was taken to a large city for observation in a hospi 
tal. Exploration had been carried out after several weeks of observation, and posterior 
gastroenterostomy performed. The exact nature of the lesion found by the surgeon had not 
been revealed to the patient or to her family. Recovery had been slow, and the patient found 
it necessary to observe considerable care in her diet for several years. She had been able to 
resume work as clerk in a postoffice, and for two years had fair health. During the spring 
and summer of 1931, she had become exhausted more easily than usual. In September, 1931, 
she had been confined to bed for several days because of general malaise and slight diarrhea. 
She had returned to her work, and although she felt definitely below par, was able to continue 
her duties for two or three weeks. 

In the first week of October, gradual distention of the abdomen had begun, with the- 
development of obstinate constipation and weakness, The patient’s physician at home had 
been called October 11 because of persistence of these symptoms. He had been unable to ob- 
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tain any more significant history than that already detailed; there had been no history of pain 
at any time during the recent illness. His examination had disclosed only marked tympanites 
and an elevation of temperature to 100° F. For a week, the patient’s temperature had varied 
from 100° to 104° F. On two occasions it had been found to be 104° F. at 4 a.M. and 
99° F. five hours later. The patient had been able to take light nourishment by mouth. Some 
green-colored fecal material had been obtained by repeated enemas, but the abdominal disten- 
tion remained unchanged. The patient’s condition gradually had become worse, and she was 
irrational at times. From October 18 to 21 she had passed each day, spontaneously, three or 
four stools of the appearance of pea soup. Her condition at this time had strongly suggeste« 
typhoid fever, a condition with which her local physician was familiar, but four successive 
Widal tests were reported negative. 


The patient was brought to Rochester in a state of shock October 21. Examination in 
the hospital revealed pallor of the extremities and face; she was bathed in cold perspiration. 
Her abdomen was hugely distended and tympanitic. Few, if any, intestinal sounds could be 
heard. The rate of her pulse was 100 beats each minute; its quality was thin and thready. 
Blood pressure in millimeters of mercury was 88 systolic and 66 diastolic. Respiration was 
shallow, and her breath had a sour odor. She was comatose, but could be aroused enough 
to open her eyes. The pupils were small and reacted slightly to light. The Achilles tendon 
reflexes were absent. The neck was not rigid, and Kernig’s sign could not be elicited. 

Immediate supportive measures to combat shock were instituted. Solution of acacia and 
glucose were administered intravenously. Studies of the blood revealed that erythrocytes 
numbered 4,500,000 and leucocytes 7,100 in each cubie millimeter; the concentration of 
hemoglobin was 68 per cent (Dare); the concentration of urea was 36 mg. and of sugar 0.09 
gm. in each 100 ¢.c. of blood. Agglutination tests for typhoid fever, paratyphoid fever, and 
undulant fever gave negative results. The state of shock persisted; the pulse rate rose to 
130 beats each minute, and the blood pressure decreased. Death occurred a little more than 
twenty-four hours after admission. 

Careful questioning of the patient’s immediate family revealed only three features re- 
garding possible contacts or exposures: (1) In the year previous to her final illness, the 
patient had made several visits to a neighboring farm where a rabbitry was maintained. (2) 
There was rather close association with a pet cat. (3) The final illness appeared at the time 
of extensive floor varnishing in the patient’s home. The fumes from the varnish were said 
to have made the patient very ill, but other members of the family were not thus affected. 
The milk supply was investigated and found to come from the local dairy, which supplied 
most of the milk to the village. It was said to have been pasteurized. There was no history 
of bites or scratches of animals, or of bites of flies or ticks. There were no endemic diseases 
with which the patient was known to have had contact. 


Macroscopic Findings at Necropsy—Necropsy was performed two hours after death. 
The body had not been embalmed. Its length was 5 feet, 4 inches (163 em.), and the estimated 
weight 135 pounds (61 kg.). The abdomen was moderately distended. There was slight 
edema of both lower extremities. 


The left pleural cavity contained 500 ¢.c. and the right, 350 ¢.c. of clear, amber-colored 
fluid. The lungs were normal, except for calcified subpleural tubercles which were present in 
the right lung. The lymph nodes of the hilum of the right lung contained caseous, fibrous, 
and calcified tubercles. The pericardial sac contained 75 ¢.c. of light, greenish-yellow, clear 
fluid. The heart weighed 205 gm. The free edge of the mitral valve was moderately thickened, 
and presented very small, rounded, firmly attached elevations such as characterize rheumatic 
endocarditis. The myocardium appeared to be normal. 


The peritoneal cavity contained 2,000 c.c. of clear, amber-colored fluid. 


The spleen weighed 390 gm. The surface presented multiple rounded, slightly elevated 
nodules, which varied from 1 mm. to 3 em. in diameter. These nodular areas appeared not to 
differ in color from the intervening depressed areas; both were purplish. The consistency of 
the nodules was much increased over that of the depressed portions. The appearance and 
size of the nodules were similar on the sectioned surface, except that they were commonly 
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surrounded by a hemorrhagic zone which clearly demarcated them, and their centers were 
vsually grayish-white. The central portions suggested zones of necrosis without softening. 

The liver weighed 2,250 gm. and extended 4.5 em. below the costal margin. Small, 
erayish-white, slightly elevated nodules were observed on the capsular surface. These alter- 
ated with normal-appearing capsule, or with areas of dark red mottling. The nodules varied 
from 1 mm. to 2 or 3 em. in diameter. The sectioned surface presented a similar appearance 
fig. 1). Little normal parenchyma was identifiable. The nodular appearance, so clearly 
ovealed on the capsular surface, was less prominent on the sectioned surface, due to con- 
uence of the grayish-white areas and also to their less discrete peripheral differentiation from 
»e surrounding parenchyma or from the hemorrhagic, mottled zones. The gallbladder, bile 
acts, and hilar vessels were normal. 

The rugae of the stomach were hypertrophic, and the gastric mucosa was moderately 
-ngested. A stoma resulting from posterior gastroenterostomy was present, and appeared 
t» be in good condition. A puckered scar, representative of a healed duodenal ulcer, was 
found on the posterior wall of the first portion of the duodenum. The jejunal and cecal 
mucosa presented multiple, small, petechial hemorrhages, with a small amount of free blood 
in the lumen of the bowel. The remainder of the gastrointestinal tract appeared normal. 


Fig. 1.—Gross appearance of the liver. 


Surrounding the head of the pancreas, lesser curvature of the stomach, hepatic hilum, 
and aorta, retroperitoneally from the diaphragm to the bifurcation, the lymph nodes were 
moderately to markedly enlarged. They were firm, and grayish-white to light pink, with a 
glistening appearance when sectioned. Lymph nodes in other anatomic situations appeared to 
be normal. The pancreas, suprarenal glands, kidneys, pelvic viscera, thyroid gland, thymus, 
great vessels, and brain appeared normal. 

Microscopic Findings at Necropsy.—Sections were prepared from tissue which had been 
fixed in Orth’s fluid and embedded in paraffin. All were stained by hematoxylin and eosin, 
from which the detailed descriptions of the microscopic changes were made. Selected tissues 
were also stained for microorganisms by Giemsa’s method, by Gram’s method (Brown’s 
modification), by Loeffler’s methylene blue, by carbolfuchsin and methylene-blue acid-fast 
stain, and by silver impregnations (de Galantha method) for the demonstration of spirochetes. 

The most striking feature of the hepatic lesion was extreme necrosis of the parenchyma 
(Fig. 24). The necrosis apparently involved from half to two-thirds of the entire hepatie - 
substance. This varied in degree in the various regions, from complete destruction of hepatic 
parenchyma to preservation of groups of cells surrounding the portal spaces, or to the preserva- 
tion of larger units up to entire lobules or groups of lobules. The zones of necrosis were 
sharply demarcated from the preserved hepatic tissue, and in the necrotic zones usually no 
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trace of hepatic cells existed, they apparently having rapidly undergone autolysis, leaving 
dust-like chromatin particles in the necrotic regions. Intact hepatic units were never found 
in the central lobular zones to the exclusion of other parts of the lobule. The portions of tlie 
liver which were sharply demarcated from the necrotic fields revealed no retrogressive changes. 
The hepatic reticulum was not involved by the necrosis; the sinusoidal structures were st’!] 
intact and engorged with blood. Hemorrhage, sometimes present in the necrotic portions, ws 
caused not only by intense sinusoidal congestion but also by breaking down of some sinusoid:\| 
membranes or by engorgement of the central lobular vascular bed. Occasional proliferatiou 
of reticuloendothelium was observed. Aggregations of cells were identified, sometimes about 
the portal spaces or as isolated groups of cells near the periphery of the necrotic zones (Fiz. 
2B). In these cellular collections lymphocytes predominated, but large mononuclear leucocyt:s 
and endothelial cells were also found (Fig. 34). Some of the endothelial cells and mono- 
nuclear leucocytes were giant forms, with either a single, large, clear nucleus, or with sever:l 
small hyperchromatic nuclei. They had frequently phagocytosed lymphocytes or erythrocytes. 
Only occasionally were collections of lymphocytes found in the areas of necrosis. The walls 


Fig. 2.—A, Extreme necrosis of hepatic parenchyma. Hematoxylin and eosin (X45); B, 
Collections of cells in portal connective tissue and at the periphery of necrotic zone. Hema- 
toxylin and eosin (x400). 


of the portal veins, and to some extent of the hepatic arteries, often contained cells similar 
to those described in the focal collections. In these vessels, too, proliferation of endothelial 
cells was often a prominent feature. Recently formed thrombi were observed in some of the 
medium-sized portal veins. The bile ducts were not involved. 

The splenic sinuses were dilated and intensely engorged with blood. Malpighian follicles 
were decreased in number, and in those which had survived the lymphocytes were fewer, as 
were the lymphocytes of the splenic pulp. The second feature of note in the microscopic 
preparations was necrosis. This appeared as distinctly circumscribed zones, varying in size 
and shape, of granular, eosin staining material, which were either completely devoid of cellular 
structure, or zones in which only the faded outlines of cells were visible. Chromatin material 
often appeared in the central portion as dust-like particles. Sinuses at the periphery of the 
necrotic zones were congested. The third feature of note was the collection of cells which 
surrounded the necrotic fields (Fig. 3B), or appeared as small foci in the surrounding regions. 
Lymphocytes, mononuclear leucocytes, endothelial cells, and sometimes proliferated reticulum 
composed these collections. As in the liver, some of the mononuclear leucocytes and endothelial 
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eell types were multinucleated. Lymphocytes usually predominated (Fig. 44). In many 
endothelial cells and mononuclear leucocytes were phagocytosed erythrocytes, lymphocytes, and 
cellular detritus. Endothelial cells were commonly increased in number, in the veins, arteries, 
arterioles, and sinuses. These were so numerous in some instances that the lumens of vessels 
or sinusoids were occluded. When this condition prevailed in the arteries and veins, the 
vascular walls were edematous, and frequently lymphocytes and large mononuclear leucocytes 


Fig. 3.—A, Lymphocytes, mononuclear leucocytes, and endothelial cells composing the 
cellular collections of the liver. Hematoxylin and eosin (400) B, Cellular collection sur- 
rounding necrotic zone of spleen The cells are chiefly lymphocytes, but mononuclear leucocytes 
and endothelial cells are also present. Hematoxylin and eosin (X230). 


Fig. 4.—A, Fibroblasts and endothelial cells sometimes predominated in the foci of the 
spleen. Hematoxylin and eosin (300). B, Necrosis with disorganization and exhaustion of 
lymphoid elements of nodes. The reticulum is prominently displayed. Hematoxylin and eosin 


(X435). 
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had invaded the walls. Perivascular collections of these cellular types were also present around 
vessels so affected. Recently formed thrombi were present in some of the veins. 

The distinctive characteristics of the lesions in the gastric, hepatic, pancreatic, and 
retroperitoneal aortic lymph nodes, as in the liver and the spleen, were proliferative granuloma- 
tous reactions with extensive necrosis. The medullary portions of the nodes were most severely 
involved, where almost complete exhaustion and disorganization of the lymphoid elements 


Fig. 5.—A, Dilated sinusoids of lymph node in which large endothelial cells and lympho- 
cytes can be seen. Hematoxylin and eosin (575). B, Local collection of lymphocytes, mononu- 
clear leucocytes, and endothelial cells. Hematoxylin and eosin (145). ‘ 


Fig. 6.—Cellular collections in the capsule of a lymph node. Hematoxylin and eosin (X95). 


existed (Fig. 4B). In the cortical portion the changes were less intense, but nevertheless 
severe, and in this portion but few intact lymph follicles could be found. The sinusoids and 
reticulum were everywhere prominently displayed, due to the loss of lymphoid elements. The 
sinusoids were often seen as dilated spaces devoid of cells, but some contained a few cells, 
whereas others were engorged with cells, among which were lymphocytes, mononuclear leuco- 
cytes, erythrocytes, and large endothelial cells. The last named cells predominated (Fig. 5A). 
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They were distinguished usually by acidophilic cytoplasm and vesicular nuclei with a few 
multinucleated forms. In some, phagocytosed erythrocytes, lymphocytes, and cellular detritus 
were identified. Proliferated reticular cells were sometimes also revealed in the same zones. 
Within the medullary portions the sinuses were usually devoid of cells, or contained but few 
cells, whereas in the cortical portions engorgement was not infrequently observed. Focal 
collections of lymphocytes, large mononuclear leucocytes, and endothelial cells were also 
present throughout the nodes (Fig. 5B). These collections were likely to be found in any 
portion of the node but were usually at the periphery of the necrotic fields. Commonly, how- 
ever, they were observed in the cortex, where they formed a peripheral, encircling zone from 
which they also extended into the capsule and surrounding tissue (Fig. 6). Within the fields 
of necrosis few such collections existed. Many lymph and blood vessels of the capsule con- 
tained excessive numbers of lymphocytes, mononuclear leucocytes, and endothelial cells, in 
addition to erythrocytes. Thrombi were sometimes present in the blood vessels. Perivascular 
zones of the capsule were particularly prone to reveal large increases of lymphoid cells and 
iarge mononuclear leucocytes sometimes with extravasated erythrocytes. In some of the 
capsules of lymph nodes, these reactions were diffuse, although rarely were they dense. 


Sections of the lungs were essentially normal, but lymph nodes obtained from the 
hilum of the right lung disclosed tuberculous involvement. These lesions were quiescent and 
essentially healed. 


The mitral valve was involved by a chronic, proliferative inflammatory reaction, with 
formation of small, hyaline-like vegetations along the line of closure. 


The preparations of tissue, stained for bacteria, did not disclose convincing evidence of 
causation. As is well known, such preparations are sometimes difficult to interpret, and 
may lead to erroneous conclusions. In the stained preparations from the mitral valve and 
lymph nodes, small, gram-positive and gram-negative diplococci were seen. In the spleen and 
liver an occasional gram-positive coccoid form was revealed, but they were so few that their 
significance could not be emphasized. Search for other types of microorganisms by the various 
staining methods listed was fruitless. 


Cultures in brain broth and blood agar were prepared from the blood and splenic pulp. 
No growth appeared. The brain broth was allowed to incubate at 37.5° C. for three weeks. 
Serum taken from the blood failed to agglutinate antigens prepared from Bacterium tularense 
or Bacterium abortus. 


COMMENT 


This case presents several features in common with that reported in 1921 
by Loygue and Clarion. Their patient, a soldier aged twenty years, died 
after an illness lasting three months, the clinical course of which was quite 
similar, in many respects, to that detailed for our patient. At necropsy they 
found the liver and spleen to be diffusely enlarged. Two large masses of 
lymph nodes were found, one in the gastrohepatic omentum, the other along 
the abdominal aorta. In addition, masses of discrete lymph nodes were found 
in the left axillary and cervical regions. After careful study the authors 
decided that tuberculosis and malignancy were definitely ruled out. Hodgkin’s 
disease was thought to be inadmissible because of the rapid febrile course 
and the absence of the typical microscopic picture. They concluded that their 
patient died of an infectious granulomatous process of unknown etiology, but. 
it seems likely, from their description of the microscopic findings, that they 
were actually dealing with a case of atypical Hodgkin’s disease. 

A somewhat similar ease was reported by Spangenberg in 1929. The liver. 
and spleen were enlarged and huge masses of discrete lymph nodes were 
found along the abdominal aorta and extending from the hilum of the spleen 
to the liver. Syphilis, malignancy, and tuberculosis were definitely ruled out. 
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Hodgkin’s disease could not positively be diagnosed because of the absence 
of typical Sternberg cells. Diffuse lymphoid hyperplasia was the term finally 
selected to describe the lesion. 

In our ease all available clinical and pathologic data were applied to the 
problem of differential diagnosis. Certain infectious diseases, such as tula- 
remia and undulant fever had to be considered. Tularemia seemed to be ex- 
cluded by the negative agglutination tests obtained from the blood, postmortem. 
Furthermore, there was no history of contact with wild rabbits, and although 
the patient had visited a local rabbitry on several occasions, no case of 
tularemia from contact with domesticated rabbits has thus far been recorded. 
One case in Francis’ experience resulted from the scratch of a cat, but such 
an occurrence was not recorded in the history of our case. Undulant fever 
seemed to be ruled out by virtue of negative agglutination tests made while the 
patient was alive and negative cultures made from the blood and spleen, post- 
mortem. Typhoid fever and paratyphoid fever were eliminated from con- 
sideration because of the repeatedly negative agglutination tests and blood 
cultures and the absence of lesions in the intestines and mesenteric lymph 
nodes. Tuberculosis, actinomycosis, glanders, leprosy, and blastomycosis were 
excluded not only because of the gross and histologic characteristics of the 
lesions, but also because of our failure to demonstrate the specific microbes 
of these diseases. Rickettsia diseases such as typhus and Rocky Mountain 
spotted fever, so far as is known, do not occur in Minnesota and were ex- 
cluded from consideration because of lack of clinical and postmortem evi- 
dence of cutaneous involvement. Furthermore, the severe changes in the 
spleen, liver, and lymph nodes, as revealed in our case, are not recorded for 
these diseases. Syphilis was considered but was excluded on the basis of ab- 
sence of significant history and vascular changes and negative stains for 
spirochetes. The various types of leucemia were ruled out because of the 
absence of anemia, usually an accompaniment of acute leucemia, absence of 
leucocytosis, and, more especially, because the lesions in no way resembled the 
visceral lesions of leucemia. 

A finding of questionable significance was the presence of microorganisms 
interpreted as diplococci in the tissues of the lymph nodes and mitral valves. 
The negative cultures from the blood of the heart and spleen, taken post- 
mortem, discount the significance of such a finding. Absence of the inflamma- 
tory reactions usually considered as characteristic of conditions caused by 
such organisms was further evidence serving to negate the importance of this 
finding. 

There was little evidence to support the theory that the lesions might be 
due to a toxic substance in the fumes of floor varnish. 


A conclusion that the tissue reactions were an unusual manifestation of 
Hodgkin’s disease or lymphosarcoma rather than one of the other diseases 
named or of an unknown type of infectious granuloma was finally reached as 
much by a process of elimination as by positive evidence. Hodgkin’s disease 
seemed to fit into the picture better than lymphosarcoma because the pathologic 
process was distinctly visceral and was confined to the liver, spleen, and ab- 
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dominal lymph nodes. It was distinctly reticuloendothelial in its distribution 
and it lacked the anaplastic features one would expect in lymphosarcoma. The 
features which supported a diagnosis of Hodgkin’s disease were: (1) prolifera- 
tion of reticuloendothelial cells in and about the lesions; (2) proliferation and 
aggregation of lymphocytes and mononuclear leucocytes, and (3) the occur- 
rence of giant cell types of endothelial cells and mononuclear leucocytes which 
resembled the Sternberg (Dorothy Reed) cells of Hodgkin’s disease. The ex- 
treme necrosis, thrombosis, and perivascular collections of cells are not usually 
seen in Hodgkin’s disease, but they do not render such a diagnosis untenable. 
The elinieal history, although atypical, conforms in some ways with that seen 
in eases of visceral Hodgkin’s disease. Fever is not an uncommon finding in 
some eases of Hodgkin’s disease. The rather rapid course of the disease is 
unusual but in this instance may be accounted for by the extreme involve- 
ment of the liver. 

In conclusion it seems best to classify our case as one of atypical Hodg- 
kin’s disease. It is apparent that our case presents many features in common 
with the case reported by Spangenberg and particularly with the one described 
by Loygue and Clarion. It would be impossible, however, to state that these 
three eases are clinically, etiologically and pathologically identical. 
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THE PARTITION OF POTASSIUM BETWEEN THE SERUM AND 
CORPUSCLES IN HEALTH AND DISEASE* 


Wituiam S. HorrmMan, Pu.D., M.D., anp H. R. D. Jacoss, M.D., Cuicaco, ILL. 


POTASSIUM IN CORPUSCLES AND SERUM 


N 1922, Kramer and Tisdall’ found that the potassium concentration in human 
serum was 18 to 22 mg. per 100 ¢.c., while that of human red cells was 
about 428 mg. per 100 ¢.c. They showed that, except for a small amount of. 
magnesium, potassium was the only cation in the red cells, and intimated that 
it balanced osmotically the cations of the plasma. Their values for normal 
serum have been corroborated many times, but their values for red cells have - 
received little attention. 


*From the Department of Medicine, Rush Medical College of the University of Chicago. 
Received for publication, May 20, 1933. 


out from this point on by the method employed for serum.t 
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The reason for the maintenance of such constant values for both red cells 
and serum is not apparent. But this peculiar partition suggests a physio- 
logic balance which might be disturbed in disease. It was with this possibility 
in mind that a brief survey of the potassium concentration of red cells and 
serum in disease was undertaken. In order to facilitate this study, a new 
method for the determination of potassium in whole blood was devised. 


METHODS 


The concentration of potassium in serum was estimated by the method of Jacobs and 
Hoffman.2 Serum total base was determined in a phosphate-free, protein-free filtrate obtained 
from serum by the method of Hoffman.’ In this method, coagulation by heat of the proteins 
of the diluted serum is effected at the iso-electric point, with the simultaneous precipitation 
of phosphates by the addition of ferric chloride and ammonium acetate. The results obtained 
are about 1 per cent too high because of slight evaporation of the hot liquid and because of 
the slight change in volume when'the proteins are precipitated. The average value for normal 
serum total base, after correcting by subtracting 1 per cent, was 155.3 m.eq. per liter, and 
the extreme variations were 152.7 and 158.6 m.eq. per liter. 

Serum chloride was determined according to Van Slyke,4 and caleium according to 
Tweedy and Koch.5 All other routine chemical data were taken from hospital charts. 
Hematocrit readings were made with Van Allien capillary pipettes,6 using 1.3 per cent sodium 
oxalate as an anticoagulant and diluting fluid. 

For the whole blood potassium, a new method was devised in which the time-consuming 
and hazardous operation of ashing was eliminated. This was accomplished by the preparation 
of a suitable protein-free filtrate from whole blood by a modification of the basie ferric acetate 
method of deproteinization in Hoffman’s’ technic for the determination of the total base of 
serum. 
Procedure for Whole Blood Potassium.—In a 50 ¢.c. volumetric flask, 2 ¢.c. of freshly 
drawn whole blood were laked in about 40 ¢.c. of water. To this mixture were added I c.c. of 
ferrie chloride reagent (A),* 1 ¢.c. of sodium acetate reagent (B),* and one drop of iso- 
amyl alcohol. The mixture was diluted with water to the mark and thoroughly shaken. 
About 20 ¢.c. were transferred to a large Pyrex test tube and heated rapidly to boiling. At 
the boiling point, the mixture separated into dense brownish red curds and a water-clear 
solution. It was filtered immediately through a double No. 40 Whatman filter paper. Filtra- 
tion was very rapid. The water-clear filtrate contained no protein, no lipoids, no phosphate 
and no iron. It contained nothing that would interfere with the direct precipitation and 
determination of potassium. Its Py was about 5.5. : 


Since the red cells contain most of the potassium, the concentration of potassium in 
whole blood varies with the red cell volume or is inversely proportional to the degree of 
anemia. For normal or nearly normal persons, 2 ¢.c. of filtrate contain a quantity of potassium 
adequate for accurate determination. If, however, there is marked anemia, that is, if the 
hematocrit is below 30 per cent, 4 ¢.c. of filtrate are required. The determination was carried 


*A. Ferric Chloride Reagent: Dilute 100 c.c. of 10 per cent FeCl; -6H2O in 0.2 N HCl to 
one liter with water. 

B. Sodium Acetate Reagent: Dilute 100 ¢.c. of 15 per cent NaC2H;02 -3H2O and 20 c.c. of 
1.4 N NaOH to one liter with water. 

7Since the publication of our colorimetric method for the estimation of potassium, we 
have had occasion to make more than a thousand potassium determinations on whole blood, 
serum, and inorganic solutions. We have found the method consistently reliable. The technic 
as described will accurately determine potassium in concentrations varying from 10 to 40 mg. 
per 100 c.c., and can be easily adjusted for higher concentrations. The limitations of the 
method are those of the Kramer-Tisdall technic for the precipitation of potassium, which 
have been thoroughly discussed by Peters and Van Slyke.? In particular, the authors have 
found that when potassium in concentraticns of the order of 40 mg. per 100 c.c. is precipitated 
in the absence of sodium (which condition occurs at times in samples of ashed urine from 
nephrotic patients), high results are obtained. Along with Hubbard,’ the authors have recog- 
nized that this error can be avoided by the addition of extra sodium, especially as sodium ace- 
tate. The filtrate from whole blood, it will be noticed, contains sodium acetate, and this fact 
may be partly responsible for the consistent results obtained. 
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From the values for potassium in serum and in whole blood and from the red cell volume, 
the potassium content of red cells can be computed by the following formula: 


100 — Vol. per cent of cells 
100 
Volume per cent of cells 


Whole Blood K — x Serum K 


x 100 = 


Potassium per 100 c.c. of red cells. For example: Serum K, 20.4 mg. per 100 ¢.c.; Whole 
Blood K, 201.4 mg. per 100 c.c.; Cell volume, 44.5 per cent; then, 


100 — 44.5 
100 x 20.4 


201.4 
145 x 100 = 427.7 mg. K per 100 ¢.c. of red cells. 


The sequence used in taking samples was the following: Venous blood was drawn with- 
out stasis into a freshly cleaned and baked syringe. The blood was transferred into freshly 
‘leaned and baked centrifuge tubes. Two cubic centimeters of blood were quickly transferred 
by means of a Folin-Ostwald pipette to the 50 ¢.c. volumetric flask containing about 40 c.c. 
of water. Then two Van Allen hematocrit tubes were prepared by first drawing up blood 
‘o the 100 mark, then by diluting it with 1.3 per cent sodium oxalate and finally by enclosing 
the tube in a tight-fitting, wide rubber band. All these operations had to be completed before 
clotting had set in. The Van Allen tubes were centrifugated for twenty minutes at 3,000 
r.p.m. before reading. The blood in the centrifuge tubes was allowed to stand for fifteen 
minutes at 37° C, and then centrifugated. The serum separated was again centrifugated to 
remove all red cells. No serum was used which had any recognizable trace of hemolysis. All 
determinations were made in duplicate and were discarded if they did not check. 


RESULTS 


Table I presents data showing the adequacy of the new method for the 
determination of whole blood potassium. The results were less than 0.5 per 
cent higher than those obtained by the use of ashed whole blood. Added potas- 
sium was accurately recovered. 


TABLE I 


DETERMINATION OF POTASSIUM IN WHOLE BLOOD WITH ADDED POTASSIUM 


K K K 
FOUND IN FOUND IN 
ASHED WHOLE WHOLE BLOOD ADDED TOTAL oe Tae 
METHOD 
BLOOD THIS METHOD 
mg. mg. mg. mg. mg. 
per 100 c.c. per 100 e.c. per 100 c.e. per 100 c.c. per 100 e.c. 
I 192.6 192.6 18.0 210.6 211.6 
45.0 237.6 237.5 
II 216.5 217.8 18.0 235.8 234.9 
45.0 262.8 260.7 
III 189.0 189.2 18.0 ‘207.2 207.5 
45.0 234.2 234.3 
IV 177.3 178.1 18.0 196.1 195.2 
45.0 233.1 222.7 
Vv 187.3 189.2 27.0 216.2 209.6 
36.0 225.2 229.8 
VI 198.0 198.5 45.0 243.5 244.1 
VII 192.6 192.5 36.0 228.5 228.1 
VIII 178.0 178.4 45.0 223.4 223.6 
IX 185.6 186.4 
x 190.9 191.6 
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The distribution of potassium between serum and corpuscles was first 
studied in thirty normal persons. There were 17 men and 13 women, ranging 
in years from nineteen to thirty-nine. The determinations on women were 
made when they were not menstruating. The results are presented in Table II. 
The serum potassium averaged 19.3 mg. per 100 ¢.c. and the red cell potassium 
422.7 mg. per 100 e.c. The individual values for the serum fell around the 
average within very narrow limits and corresponded with those obtained by 
other authors. The results for red cells fluctuated somewhat, but the standard 
deviation was only 3.3 per cent. There were two low values with deviations of 
7 per cent and one high one with a deviation of 9.5 per cent. The values when 
charted for frequency (Fig. 1) do not closely approximate the theoretical prob- 
ability curve, but such an approximation is hardly to be expected, since only 
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Fig. 1.—Composite frequency chart of red cell potassium concentrations in normal and 
diseased persons. Solid circles indicate red cell values associated with serum total base of 153 
m.eq. per litter or less. 


thirty determinations were made and since the sources of error are not only 
the individual physiologic variations, but also the technical errors of both the 
potassium determination and the hematocrit estimation. Nevertheless, the re- 
sults obtained for cell potassium concentration agree closely with those obtained 
by Kramer and Tisdall who used a different technic. 

Table III presents 27 cases of various diseases. The results obtained both 
for serum and red cells showed no wider deviations from the normal mean 
than those on normal individuals. In the cases of anemia, in spite of marked 
variations in whole blood potassium, cell potassium was practically always within 
normal limits. 

Of the six eases of pneumonia reported in Table IV, two had high cell 
potassium concentration, which, in one case at least, was associated with a high 
total base concentration in the serum. 
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TABLE II 


PARTITION OF POTASSIUM BETWEEN SERUM AND RED CELLS IN NORMAL PERSONS 


SEX WHOLE RED 
AND —" BLOOD CELL HEMATOCRIT 
AGE K K 


mg. mg. mg. per cent 
100 per 100 e.e. per 100 R.B.C. 


28 18.6 189.1 393.4 45.5 
32 18.8 172.4 393.4 41.0 
35 19.3 217.8 401.0 52.0 
26 18.2 185.1 401.4 43.5 
19 20.9 177.4 402.7 41.0 
29 19.0 174.5 403.9 43.0 
19 20.6 178.1 404.8 41.0 
21 18.2 189.2 406.8 44.0 
22 19.2 193.8 412.4 44.4 
35 19.3 198.5 413.0 45.5 
25 20.6 188.4 415.5 42.5 
26 19.3 192.5 417.5 43.5 
35 18.4 181.1 420.2 40.5 
33 19.0 198.2 421.7 44.5 
39 18.6 178.0 423.2 39.5 
23 18.6 188.8 425.2 41.8 
24 20.0 191.8 425.3 42.4 
32 20.4 201.6 427.7 44.5 
28 19.5 193.4 428.6 43.0 
30 20.3 201.4 431.8 . 44.0 
31 17.9 169.6 433.6 36.5 
26 19.0 191.6 434.9 41.5 
24 20.2 198.5 436.7 42.8 
19 19.8 177.5 438.2 38.0 
28 19.2 193.4 438.9 41.5 
27 20.4 192.2 439.5 41.¢ 
35 20.4 213.5 440.2 46.0 
‘ 25 19.3 171.0 440.7 36.0 
19 21 17.7 195.8 446.7 41.5 
10 31 18.0 175.9 462.8 35.5 


Average 19.3 422.7 
Stand. Deviation, % 0.73 3.3 


15 
107 
16 
14 


18 
6 
17 
111 
9 


Fourteen determinations on pregnant women are shown in Table V. Here, 
too, the average values agreed closely with those for normal persons. The 
variations of the red cell potassium values, however, were greater than those 
in the normal group, four lying at or near the lower limits of normal. The 
average red cell potassium was found to be slightly lower than normal, but the 
deviations were small as compared with those reported by Rossenbeck,® who 
found in normal pregnancy low serum potassium, low sodium, and high chlo- 
ride. Spiegler,!® on the other hand, has reported high serum potassium values 
in normal pregnancy. 

The nine eases of thyroid disturbance given in Table VI are too few to 
prove any definite tendencies. The results obtained showed no evidence of — 
altered serum potassium concentration such as has been reported in thyroid 
disturbances." 

Table VII presents the results on patients with clinical nephrosis. Three 
showed no signs of kidney inefficiency, while one apparently was in the nephrotic 
stage of chronie glomerulonephritis. In those whose edema had subsided both 
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TABLE III 


THE PARTITION OF POTASSIUM IN A HETEROGENEOUS GROUP OF DISEASES 


SEX WHOLE RED 
SERUM 
PATHOLOGY BLOOD CELL HEMATOCRI' 


K 
K K 


mg. mg. mg. | 
per per per oy 
100 100 e.e. 100 
Peptic ulcer, untreated 18.4 188.3 404.6 44.0 
Carcinoma of bladder 19.2 184.3 448.0 38.5 
Carcinoma of prostate 18.2 165.7 411.5 37.5 
Carcinema of stomach 16.9 175.2 393.8 42.0 
Peptie ulcer 21.4 213.8 460.9 44.0 
Syphilis, treated 19.9 176.7 460.8 36.0 
Myocardial degeneration 21.4 199.8 426.8 44.0 
Healed Pott’s disease 19.4 167.0 441.0 35.0 
Prostatic hypertrophy 18.6 164.4 423.6 36.0 
Old gonorrheal urethritis 19.2 190.0 421.1 42.5 
Chronic iridocyclitis 21.1 197.0 403.5 46.0 
Urethral stricture 17.7 178.1 400.0 42.0 
Mild diabetes mellitus 20.7 203.6 455.9 42.0 
Persistent vomiting 17.6 142.5 396.0 33.0 
Alcoholic pellagra 20.5 148.3 453.6 29.5 
Toxic jaundice 19.0 182.8 410.4 42.0 
Peptic ulcer 17.6 192.6 432.2 42.2 
Nervous vomiting 21.1 171.0 393.8 40.2 
Cirrhosis of the liver 21.7 150.5 448.3 30.2 
Diarrhea 22.4 178.1 432.3 38.0 
Myocardial degeneration with 
hydrothorax 17.4 198.6 462.6 40.7 
Quiescent urticaria 19.9 196.1 422.1 43.8 
Anxiety neurosis 19.3 185.8 433.6 40.2 
Pernicious anemia 17.6 154.8 460.2 31.0 
Pernicious anemia 20.6 155.5 462.7 _ 80.5 
Pernicious anemia 19.9 85.9 401.6 17.3 
Secondary anemia 19.1 100.3 435.8 19.5 


M 
M 
M 
M 
M 
M 
F 
M 
M 
M 
M 
M 
M 
F 
M 
M 
M 
F 
M F 
F 
M 
M 
F 
M 
M 
M 
M 


Average 19.6 430.7 


TABLE IV 


THE PARTITION OF POTASSIUM IN PNEUMONIA 


CHLORIDE 
REMARKS 


HEMATOCRIT 
SERUM 


SEX AND 
PATHOLOGY 


AGE 
BLOOD K 


per eq. m.eq. 
cent per 
R.B.C. liter liter 


Pneumonia 42.5 Fifth day 


Pneumonia A 43.5 160 Seventh day; 
lysis 

Pneumonia 19. A i 33.0 Eleventh day; 
no crisis 

Pneumonia : 41.0 Fifth day 


Pneumonia 36.3 Eighteenth 
day ; no crisis 
Bronchopneumonia 18.3 . 38.5 Ninth day 
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a 
AGE 
a 
68 5 
69 0 
70 50 
71 5D 
72 0 
73 25 
74 43 
75 56 
76 58 
77 26 
78 8 
| 79 39 
80 30 
a 81 4 
82 
83 
84 34 
85 B1 
86 
87 22 
88 
89 25 
102 25 
58 8 
59 52 
60 
61 0 
| 
ar 
_ 
mg. mg. mg. 
per per per 
100 100 100 
62M 4.0 
65 M 40 
63 M 44 
64 M 39 
66 M 29 
67 M 50 
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TABLE V 


THE PARTITION OF POTASSIUM IN NORMAL PREGNANCY 


AGE MONTH OF SERUM a CELL HEMATO- SERUM 
PREGNANCY K . K K CRIT CHLORIDE 


mg. mg. mg. per -eq. m.eq. 
per per per cent per 
100 c.e. 100 c.e. 100 c.e. R.B.C, liter 
Second 18.6 159.5 392.3 37.7 
Fifth 19.2 175.0 458.2 35.5 
Fifth 17.6 160.7 418.5 35.7 
Fifth 18.2 150.0 432.7 31.8 
Seventh 18.6 148.0 390.5 34.8 
Seventh 19.£ 147.4 407.0 33.0 
Seventh 17.9 148.7 379.3 36.2 
Eighth 16.1 137.9 394.4 32.2 
Ninth 18.8 175.2 454.5 35.2 
Ninth 19.2 175.9 439.4 37.3 
Ninth 17.0 168.3 440.8 35.7 
Ninth 18.4 167.0 414.7 37.5 
Ninth 15.7 144.9 419.5 32.0 
Fourth 20.1 172.4 446.7 35.7 


Average 18.2 420.6 


TABLE VI 


THE PARTITION OF POTASSIUM IN THYROID DISTURBANCES 


WHOLE RED BASAL 


DISTURBANCES K K K CRIT RATE 


mg. mg. mg. per per 
per per per cent cont 
100cec. 


Mild hypothyroid 19.3 197.9 389.5 48.5 -20 
Postoperative myxedema 16.7 165.1 428.8 36.0 —24 
Myxedema, treated 19.4 148.7 449.8 30.5 0 
Hypothyroidism 20.4 167.0 444.1 34.6 —22 
Postoperative hyperthyroid 19.6 169.6 404.2 39.0 +39 
Simple goiter 17.8 179.6 407.5 41.2 +10 
Hyperthyroidism 25.1 179.6 472.8 34.5 +58 
Hyperthyroidism 18.6 193.4 394.4 46.5 +14 
Hyperthyroidism 20.7 174.5 447.9 36.0 +32 


37 
38 
39 
99 
40 
41 
42 
43 
100 


serum and red cell potassium were essentially normal. Serum total base and 
chloride values were at the upper limit of normal. One patient, however, 
with intractable edema (Case 90) had low red cell potassium at the time the 
total base and chloride of the serum were low. Potassium chloride ingestion 
produced a simultaneous rise in both cell potassium and serum total base, 
associated with a slight diuresis. Later, after ammonium chloride ingestion had 
produced an acidosis, the low total base and low red cell potassium were unaf- 
fected by the administration of potassium citrate. The retained potassium pro- 
duced only a rise in serum potassium. The significance of these results in 
relation to edema are further discussed in a paper by Hoffman and Post.’? 
Table VIII contains fifteen determinations in cases of azotemic Bright’s 
disease. Six were probably cases of chronic glomerulonephritis, while the rest 
were for the most part cases of nephrosclerosis with or without other compli- 
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TABLE VII 


THE PARTITION OF POTASSIUM IN NEPHROSIS 


SEX AND 
AGE 


3 


PATHOLOGY 
K 
HEMATOCRIT 
SERUM 
TOTAL BASE 
SERUM 
CHLORIDE 
REMARKS 


Nephrosis 18.2 145.4 3884 34.5 153 105 Before KCl 


KCl for two 
weeks 
25.0 131.9 4068 28.0 149 107 NH,Cl & pot cit 
for 2 wk. 
Nephrosis 22.2 195.2 407.0 45.0 157 108 No edema now 


Nephrosis 19.3 173.8 401.7 404 158 111 No edema now 


Nephrotie picture 20.0 152.6 441.0 31.5 159 113 No edema now. 
N.P.N. 59 


cations. Four eases of azotemia associated with prostatic obstruction are in- 
cluded. The eases of chronie glomerulonephritis in uremia usually had low cell 
potassium together with low serum total base. These patients all had profound 
anemia, and had been vomiting enough to produce marked dehydration. The 
serum potassium in these cases varied in both directions from normal. The 
highest serum potassium concentration of all (38.4 mg. per 100 ¢.c.) was found 
in a patient (Case 27) who had been given potassium citrate for several days. 
In this ease the red cell potassium was only 300 mg. per 100 ¢.c. In the other 
eases in this table the findings varied. Most of these patients were older than 
those with glomerulonephritis. They usually had a high serum potassium com- 
parable to their nitrogenous retention, and their red cell potassium also tended 
to be high, particularly where there was mechanical obstruction. Their serum 
total base was also usually high. However, the whole group presented a num- 
ber of apparently inconsistent findings, so that it was impossible to draw any 
rigid generalizations. 

In Table IX are shown the results obtained in seven eases of allergic 
bronchial asthma before and after epinephrine injection. The studies were 
made, wherever possible, at the time of the attack and when the influence of 
previous injections of epinephrine had disappeared. In all cases the serum 
potassium values were found to be higher than normal. They were lowered 
within twenty minutes after the injection of ten minims of epinephrine. The 
lowest serum potassium of all (14.8 mg. per 100 ¢.c.) was found in a twenty- 
year-old girl ten minutes after the first injection of epinephrine for the relief 
of an attack of incipient asthma. This patient at the time was in a state of 
high nervous irritability. Unfortunately it was impossible to repeat the deter- 
mination. The red cell potassium concentrations in all cases were within nor- 
mal limits and were not appreciably affected by the injection of epinephrine. 
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TABLE IX 


THE PARTITION OF POTASSIUM IN BRONCHIAL ASTHMA BEFORE AND AFTER EPINEPHRINE 


SEX WHOLE RED TREATMENT WITH 
SERUM MATO- J 
CASE AND x BLOOD CELL ear igs 10 MINIMS OF 
AGE K K EPINEPHRINE 


mg. mg. mg. per 
per per per cent per 
100 e.e. 100 e.e. 100 e.e. R.B.C. 100 e.e. 

93 F 20 14.8 181.9 408.0 42.5 — 10 minutes after 
94 FP 35 23.8 167.0 410.8 37.0 9.8 
95 M 37 23.8 194.3 434.7 41.5 ms 
96 M 59 26.1 197.0 401.8 45.5 sai 

24.1 194.3 418.1 43.2 9.7 Before 

19.2 184.3 403.1 43.0 9.7 12 minutes after 
97 F 35 21.8 167.0 403.9 38.0 9.5 Before 

19.2 167.0 408.1 38.0 9.5 15 minutes after 
98 M 40 24.4 210.6 445.6 44.2 site Before 

21.2 206.5 438.6 44.4 nor 20 minutes after 
101 M 33 25.5 222.6 436.3 48.0 un Before 

23.4 220.4 430.5 48.4 = 20 minutes after 


COMMENT 


Including the 30 determinations on normal adults, a total of 112 deter- 
minations of the distribution of potassium between red cells and serum have 
been made. It is obvious that the data are too meager to allow many gen- 
eralizations. Yet certain facts are apparent. In the first place, the concen- 
tration of potassium in both red cells and serum remains remarkably constant 
in health and disease. In all the conditions studied, with the exception of 
Bright’s disease and asthma, there were no wide variations from the average 
normal values (see Fig. 1). Even in anemia, though the whole blood potas- 
sium might be half of the normal concentration, the values for both serum and 
red cells were not particularly altered. 

In those eases in which the red cell potassium deviated from the normal, 
certain other factors were present which might individually or collectively be 
responsible for the variations. The low red cell potassium found in most of 
the eases of uremia, especially in chronie glomerulonephritis, was associated 
with at least two other almost constant findings, low serum total base and pro- 
found secondary anemia. That there might be a correlation between serum 
total base and red cell potassium is suggested not only by these findings, but 
by a general, if not consistent, trend of low serum base with low red cell potas- 
sium. In the frequency chart (Fig. 1), the cases associated with total base of 
153 m. eq. per liter or lower are found to be well on the side of low cell potas- 
sium. The attempted correlation is probably not fair, since the possible rela- 
tionship was not discovered until rather late in the studies, so that total base 
determinations are incomplete. Nevertheless, the limited findings suggest that 
serum total base parallels the red cell potassium, a relationship which has a 
theoretical plausibility. 

The degree and type of anemia may also possibly be a factor in determin- 
ing the level of red cell potassium. The technical error in the determination 
of cell potassium increases with the degree of anemia, since the hematocrit 
error is increased and the concentration of potassium in the filtrate is dimin- 
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ished. However, it was found in general that the secondary anemia of nephritis 
as well as of other diseases gave rather low red cell potassium values, whereas 
iwo eases of pernicious anemia with high color index had comparatively high 
cell potassium. Possibly the concentration of hemoglobin determines the 
.mount of potassium in the cells, since in all probability a good proportion of 
)otassium is bound to hemoglobin. 

Age may also be an influencing factor upon the red cell potassium levels. 
‘'welve miscellaneous cases in which the patients were over fifty-five years old 
showed an average red cell potassium of 444 mg. per 100 ¢.c. as compared with 
422 mg. per 100 ¢.c. in normal young adults. But the influence of age, as well 
as that of anemia and serum total base, on the red cell potassium level will 
vequire much further study before their importance can be properly estimated. 

Serum potassium was found to be altered appreciably only in Bright’s 
disease and in asthma. In the former disease, serum potassium was usually 
found to be high whenever there was marked nitrogenous retention. This rise 
took place often in the presence of very low red cell potassium concentrations, 
and suggested that in these cases there were factors preventing a rise in red 
cell potassium. The actual degree of rise in serum potassium in these cases 
was probably determined by the intake of potassium, for very high serum 
potassium values were found in cases that had been given potassium salts. These 
cases may be the ones that are more easily intoxicated by potassium medication. 

In asthma, the high serum potassium and its lowering by epinephrine are 
in keeping with the findings in experimental anaphylaxis by numerous investi- 
gators.** 1445 Whether there are any causal connections between the asthmatic 
symptoms and the level of serum potassium cannot be decided here. 


SUMMARY 


1. A new method for the estimation of whole blood potassium is described. 

2. The partition of potassium between red cells and serum has been deter- 
mined in 112 individuals. 

3. In general, the levels of both serum and red cell potassium were con- 
stant both in health and disease. The normal serum potassium averaged 19.3 
mg. per 100 c.c., and the red cell potassium 422.7 mg. per 100 e.c. 

4. The most marked disturbances were found in Bright’s disease. 

5. The high serum potassium found in asthma was lowered by epinephrine. 

6. Some possible relationship between red cell potassium concentration and 
serum total base, hemoglobin, and age are pointed out. 


Most of the cases presented in this paper were patients in the Presbyterian Hospital, 
the Central Free Dispensary or Cook County Hospital. 


REFERENCES 


. Kramer, B., and Tisdall, F. F.: The Distribution of Sodium, Potassium, Calcium and 
Magnesium Between the Corpuseles and Serum of Human Blood, J. Biol. Chem. 53: 
241, 1922. 

. Jacobs, H. R. D., and Hoffman, W. S.: A New Colorimetric Method for the Estimation ~ 
of Potassium, J. Biol. Chem. 93: 685, 1931. 

- Hoffman, W. S.: The Determination of Serum Total Base, Proc. Soc. Exper. Biol. & 
Med. 30: 834, 1933. 

- Van Slyke, D. D.: The Determination of Chlorides in Blood and Tissues, J. Biol. Chem. 
58: 523, 1923. 


644 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


5. Tweedy, W. R., and Koch, F. C.: Suggested Modification of the Kramer-Tisdall Metho. 
for the Microchemical Estimation of Ionizable Calcium in Blood Plasma, J. Las. & 
Cun. MED. 14: 747, 1928-29. 

- Van Allen, C. M.: An Hematocrit Method, J. A. M. A. 84: 202, 1925. 

- Peters, J. P., and Van Slyke, D. D.: Quantitative Clinical Chemistry 2: Baltimore, 193: 
Williams and Wilkins Co. 

- Hubbard, R. S.: Note on the Precipitation of Small Amounts of Potassium as Pota 
sium Sodium Cobaltinitrite, J. Biol. Chem. 100: 557, 1933. 

- Rossenbeck, H.: Eklampsie und Ionenhaushalt. Blut- und Organ-Analytische Unte: 
suchungen als Beitrag zur Patho-Biologie der Eklampsie, Arch. f. Gyniik. 145: 
331, 1931. 

10. Spiegler, R.: Kalium und Caicium in Cyelus und wiihrend der Gestation, Arch. f. Gyniik. 
143: 248, 1930. 

11. Jacobsohn, M., and Rothschild, F.: Die Wirkung der Schilddrusensubstanz auf die 
Blutzusammensetzung, Ztschr. f. klin. Med. 105: 403, 1927. 

12. Hoffman, W. 8., and Post, W. E.: The Influence of Mineral Metabolism Upon Nephrotic 
Edema, J. Clin. Invest. 12: 613, 1933. 

13. Kuschinsky, G.: Uber das Verhalten von Kalium und Calcium im Blut des Hundes beim 
Histaminschock, Ztschr. f. d. ges. exper. Med. 64: 563, 1928. 

14. Schittenhelm, A., Erhardt, W., and Warnat, K.: Uber den Kalium- und Caleciumgeha!t 
fon Blut und Organen des Kaninchen und des Hundes und Seine Verinderungen beim 
Sensibilisierten und Anaphylaktischen Tier. Aaphylaxiestudieren bei Mensch und 
Tier. VII Mitteilung, Ztschr. f. d. ges. exper. Med. 58: 662, 1928. 

15. Petersen, W. F., Levinson, S. A., and Arquin, S.: The Relation of the Reaction to 
Epinephrine to the Potassium-Calcium Ratios and Other Ratios, Arch. Int. Med. 42: 

256, 1928. 


aoa ND 


THE SCHILLING DIFFERENTIAL BLOOD COUNT IN TROPICAL 
DISEASES* 


A Stupy or 710 Cases WitH SpEcIAL REFERENCE TO MALARIA 


PauLINE Berecorr, M.D., CoLomsta, S. A. 


HILE the literature on the Schilling differential white blood cell count is 
extensive, few papers have been written of its value in tropical medicine. 
We thought it, therefore, worth while to report our findings of 710 cases of 
tropical diseases with special reference to malaria. 


MATERIAL 


5 1. Blood from 560 patients with malaria. These patients were divided into 
4 two groups, chronic and acute cases. Hemograms were studied during the dif- 
ferent stages of the cycle, but as we found no particular change in the hemo- 
gram, only those taken during the febrile stage are charted. Hemograms were 
also studied during quinine therapy and after recovery. 

2. Blood from 75 patients with severe secondary anemia due to intestinal 
parasites. These patients were divided into two groups: those who did not 
show intestinal ulcerations and those who presented marked intestinal pathology. 
Hemograms were taken on admission, during therapy, and before discharge. 

3. Blood from 50 patients with leprosy, all males. These patients were 
divided into four groups as follows: Children with no open active lesions; chil- 
dren presenting lepromas in degeneration involving the bones; adults with no 


*From the Department of Experimental Medicine of Santa Clara Hospital and the Depart- 
ments of Pathology and Parasitology of the University of Cartagena. 
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active lesions; and adults with ulcerative lesions involving the bones. Hemo- 
crams were taken from patients who had not received any therapy; from 
patients beginning chaulmoogra oil therapy; and from those who were under 
treatment of chaulmoogra oil or its esters, for a considerable length of time 
aid who presented marked improvement. 

4. Blood from 15 patients who presented tropical ulcers of three years’ 
curation. Hemograms were studied on admission, also during calcium therapy 
and after two months of calcium administration, when the patients showed 
marked improvement. 

5. Blood from 15 patients presenting mycotic disease of the skin (actino- 
myeosis, sporotricosis, blastomyeosis). Hemograms were studied soon after ad- 
mssion, during iodine and ealeium therapy, and before leaving the hospital or 
elinie, 

Most of the patients were hospital cases. Those who were not, were eare- 
fully studied at the clinic. All bloods were obtained not before two hours after 
a meal and when the patients were well rested. 

Eighty per cent of the patients were of the colored race. Due to intestinal 
parasitic infection which was present in 100 per cent of the colored patients 
and in 70 per cent of the white, most of them presented a moderate anemia 
and a somewhat increased eosinophile and basophile count. The hemoglobin of 
these patients ranged between 72 per cent and 50 per cent (Sahli). None 
presented a higher hemoglobin than 72 per cent and seven patients showed a 
hemoglobin below 50 per cent. 

The hemogram was recorded after a count of 100 cells in all malaria cases 
and after a count of 200 cells of the bloods of all the rest. An average was 
taken of each group and recorded. 


INTERPRETATION OF THE HEMOGRAM 


In the cases studied we have been able to correlate the degree of the shift 
in the hemogram with the extent of the infection and gravity of the patients’ con- 
dition. Like Yaguda,? John,? MeDonald,* Allen,® and other investigators, we 
have found the Schilling differential count of great diagnostic and prognostic 
value. In malaria, especially of the pernicious type, serial hemograms present 
a valuable index in the administration of quinine therapy. In the chronic 
eases, after quinine intake, an immediate shift to the right with a neutrophile 


TABLE I 


Tue SCHILLING HEMOGRAM 


Standard 7,000 1 2 0 0 4 64 23 6 68 
Regenerative 10,200 0 0 2 12 35 41 9 1 90 
Degenerative 3,500 0 1 0 0 25 28 40 6 53 
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inerease takes place. In the pernicious fevers, intravenous quinine therapy 
brings about a quicker response and change in the hemogram than oral or intra- 
muscular therapy. The greater and severer the infection the greater the shift 
to the left in the hemogram. A shift to the right with an increased white blood 
cell count is almost always a good prognostic index. When the patient responds 


TABLE II 


Firry CASES oF SEVERE SECONDARY ANEMIA DUE TO INTESTINAL PARASITES PRESENTING Nv 
INTESTINAL ULCERATIONS 


W.B.C. E M J. B. Ss. L. M, N. 
—— 7,000| 1 2 0 0 4 64 | 23 6 | 68 
Average of 50 cases 6,500 | 3 9 2 0 20 40 18 8 62 
Average of the same|7,500| 1 3 0 0 9 | 61 | 20 6 | 70 


eases after successful 
treatment by the Rivas 
Method for parasites, 
combined with intrave- 
nous therapy of iron, 
arsenic, and phosphor- 
us 


TABLE III 


TWENTY-FiveE CASES OF SEVERE SECONDARY ANEMIA DUE TO INTESTINAL PARASITES AND 
PRESENTING INTESTINAL ULCERATIONS 


W.B.C.| Be E. M. B. L. M. N. 
a 7,000! 1 2 0 0 | 4 64 | 23 6 | 68 
Average of 25 cases /11,000} 2 8 1 2 | 21 50 | 12 4 | 74 


In the above cases, the degree of the shift kept on changing as the treatment went on, 
and it was an excellent index in the prognosis. A shift to the right with an increase in seg- 
ments, decrease in bands, and somewhat increased eosinophile count was noticed when the 
ulcerations began to heal. The eosinophiles and neutrophiles reached the normal level when 
recovery was attained. One of the patients died of intestinal perforation due to amebic 
ulcers, and the following hemograms were presented before death: 


17,000] 3 9 4 gs | 32 34 7 
8,000} 3 9 4 12 | 40 23 7 


3 78 
3 78 


Two days before death 
One day before death 


TABLE IV 


FIFTEEN CASES OF Mycotic DISEASE OF THE SKIN 
(Actinomycosis, Sporotricosis, Blastomycosis) 


W.B.C.| B. M.| J. B. s.| L. | M. | N. 
7,00} 1 | 2] 0] 4 | 64 | 23] 6 | 6 
Average of 15 cases on admission 7,000} 3 9 0 2 | 22 | 42/18 | 4 | 66 
Under intramuscular iodine and calcium 

therapy marked improvement with a 

shift toward the right of the hemo- 

gram was noticed 8,200 | 2 6 0 0 | 10} 53 | 22] 5 | 65 


little to quinine, the shift to the left persists, showing a decrease in segments, 
and decrease in lymphocytes associated with a low white blood cell count. Our 
patients who died in a comatose condition, presented low white blood cell counts 
and marked shift to left with neutropenia. An increase of lymphocytes in the 
presence of a shift to the left is a favorable indication of good resistance, while 
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TABLE V 


Five HUNDRED AND Sixty CASES OF MALARIA, MIXED FORMS 


s:ANDARD 


7,000} .1 0 4 

Average of 200 chronic cases with re-| 4,000| 3 0 30 
peated exacerbations of fever, for a 
period of one year or more. All pre- 
sented moderate anemia 

Average of 300 cases of acute severe) 4,800 
infection, with high temperature. 
Hemograms studied during febrile 
stage 

Average of 60 cases in coma with con-| 4,500 
vulsions, high temperature (all cases 
of subtertian form) 

QO: the above group of 60, 40 responded| 6,000 
to large doses of quinine given in ‘ 
glucose intravenously, and after 28 
hours presented the following (av- 
erage) hemogram 

The same patients after two weeks of| 7,000 
quinine therapy, presenting negative 
blood smears showed the following 
hemogram (average taken) 

Twenty patients of the 60 group, who} 4,000 
did not respond to quinine therapy 
and who died within one to seven 
days after admission, presented the 
following hemogram 


TABLE VI 


Firty Cases or LEPROSY, 15 CHILDREN AND 35 ADULTS, ALL MALES 


7,000) 1 0 0 23 

Average of 10 children; ages 7 to 14.| 8,000| 1 0} 0 : 40 
No ulcerative lesions. Lymph posi- 
tive for B. lepra 

Average of 5 children, presenting lepro- | 12,000 5 | 20 
mas in degeneration, involving bones 
of feet and hands 

Average of 15 untreated lepra adults; | 7,500 § 28 
no active lesions . 

These patients after the first few in- | 10,000 : 18 
jections of chaulmoogra oil, present- 
ed the following hemogram 

Average of 20 adult lepers, with active | 12,000 
lesions involving bones of feet and 
hands 

Chaulmoogra therapy in these patients, | 14,000 
at the beginning raises the W.B.C., 
increases the neutrophile count and 
segments, and diminishes the juven- 
iles. Hemogram after 5 days’ treat- 
ment. When the patients presented 
marked improvement under therapy 
the hemogram changes toward a 
slight right shift 

Average of 15 treated patients, who 
presented repeated negative findings 
in the lymph and nasal mucus during 
a two months’ period 


STANDARD 
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| s.| L.|M.| N. 
| | 64 | 23 6 68 
| 30 1 59 
| 23 | 18 | 12 62 
| 23 | 13 | 15 63 
41/18} 10 65: 
53 | 20 8 65 
6 | 12 | 13 63 
Le 68 
9 42 
7 62 
| 8 | 66 
7 | 68 
4 | 66 
4 72 
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TaBLe VII 


Firreen CASES OF TROPICAL ULCERS 


W.B.c.| B. | E.| M.| J. | B. M. 
7,000| 1 | 2| 01] 0 | 4 | 64! 23} 6 | 68 
Average of 15 cases on admission 6,300 | 3 7 0 4} 15 | 18) 7 | 65 
' After 3 intravenous calcium gluconate | 9,000 | 2 8 0 2 | 15 | 54 | 16] 4 | 70 


(Sandoz) injections, during three 
days, sloughing of the ulcer became 
noticeable and the following hemo- 
gram was recorded 

After 24 intravenous injections of cal-| 8,000 | 1 5 | 0 0 | 8 | 64|17| 5 | 72 
cium (Sandoz) 10 c¢.c., sloughing dis- 
appeared, granulation tissue formed 
with marked improvement in heal- 
ing. The following hemogram (av- 

erage) was recorded 


a diminished lymphocyte count, shift to left with low white blood cell count is 
almost always an unfavorable prognostic index. 
In the anemias of parasitic origin, we found a basophilia and eosinophilia 
with an increase in band forms. Improvement of the patient is correlated with 
a decrease in eosinophiles and hasophiles as well as bands with an increase in 
lymphocytes and segmented neutrophiles. In the patients who presented severe 
ulcerative intestinal lesions, the disappearance of neutrophilia with an increase 
in lymphocytes and monocytes was always an indication of improvement, while 
a decrease of the white blood cell count and lymphocytes with a marked left 
shift was always of poor prognosis. 

In mycosis, we found a slight basophilia and eosinophilia with a slight left 
shift in the hemogram. The patients who responded rapidly to iodine and 
ealeium therapy showed a rapid shift to the right. Often the first few injec- 
tions bring about a change in the hemogram, but should the therapy be dis- 
continued before healing is complete, a shift to the left takes place. Recovery is 
indicated by a persistent slight shift to the right with a slight elevation of 
lymphocytes and monocytes. 

In the cases of tropical uleer, the hemograms present practically the same 
form as those seen in mycotic lesions, - 

In leprosy, we find hemograms almost identical with those found in tuber- 
culosis. Where active lesions are present, a shift to the left is almost always 
present. In the treatment of the patients, the hemogram is a good indication 
of the response to therapy. 

The progress of a patient may be very accurately followed up by frequently 
repeated hemograms. Like Harter and Lyons, Reznikoff,” Baum‘ and others, 
we consider the Shilling differential of greater value as a diagnostic and prog- 
nostie index than the Arneth or Ehrlich formula, and most readily adaptable as 
a routine method. 


SUMMARY AND CONCLUSIONS 


1. A study of the Schilling hemogram in 710 eases of tropical diseases is 
presented. These cases comprise 560 patients with malaria, 75 patients with 
severe anemia due to intestinal parasitic infestation, 50 leprosy patients, 15 cases 
of tropical ulcers, and 15 of mycotic disease of the skin. 
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2. Hemograms are reported before beginning therapy, during and at con- 
clusion of therapy. 
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LABORATORY METHODS 


A RAPID COLORIMETRIC METHOD FOR MULTIPLE DETERMINA- 
TIONS OF URIC ACID* 


GEOFFREY KEIGHLEY, B.A., AND Henry Borsoox, Pu.D., Pasapena, CALIF. 


DETERMINATION OF URIC ACID 


N A STUDY of protein metabolism in which we are engaged, a large number 

of urinary uric acid determinations were called for. It was clear, at the out- 
set, that the employment of a colorimeter would be laborious and time-consuming, 
chiefly because of the necessity of preparing a new standard for every sample 
" to be analyzed. This difficulty was avoided by substituting a spectrophotometer 
for a colorimeter for measuring the depth of color. 

The chemical reagents employed were those of Morris and Macleod.’ The 
technie was modified in adapting it for use with a spectrophotometer, because in 
the method as it is ordinarily used there is a continuous intensification of color 
in both the standard and in the unknown. This is shown in Table I. 

It was necessary to alter the conditions so that a maximum eolor, which 
does not change further on standing, is obtained before any readings are taken. 
The modification is the ineubation of the urie acid together with the arseno- 
tungstic-eyanide reagent in a total volume of 36 e.c. at 37° C. for thirty-five 
minutes. The solution is then cooled and made up to 50 ¢.c. Readings may 
then be taken at any time during an interval of one and one-half hours 
(Table IIT). 

The advantage gained in this modification is that a large number of solu- 
tions containing unknown amounts of uric acid may be made up together. The 
« depth of color obtained in each is then measured in the spectrophotometer and 
interpreted in terms of amounts of urie acid by means of an empirical curve 
constructed from the color intensities given by known quantities of urie acid. 
Having once obtained the empirical curve, it is unnecessary to make up stand- 
ard solutions again for comparison with the unknown. Occasionally one stand- 
ard solution is prepared to check the constaney of the reagents. 


EXPERIMENTAL 


The reagents and general procedure employed (with the modifications 
described below) were those given by Morris and Macleod.t' The standard uric 
acid solution was prepared by the method of Benedict and Hiteheock.? 


*From the William G. Kerckhoff Laboratories of the Biological Sciences, California In- 
stitute of Technology. 


Received for Publication, April 10, 1933. 
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A brief presentation of the principles underlying the use of a spectropho- 
tometer for the measurement of color is given by Clark.? We have employed 
« K6nig-Martens type of instrument, with an attachment so that the angle at 
vhich the Nicol prism was set for color match when water was in train was 45°. 
‘he equation connecting differences in concentration of absorbing substance with 
Jifferences in color intensity is 


C, 


C, log 


log tan*6, 


where 6, and 6, are the angular readings on the instrument for color match 
with concentrations C, and C, respectively. 

One of the advantages of a spectrophotometer over a colorimeter is that in- 
dependent check readings may be made at any number of desired wave lengths; 
any one corresponds to a reading with a colorimeter. 

The absorption cell used was 20.8 mm. wide, and was covered with a glass 
slide while measurements were being made. 

In Table I are shown the differences in the rates of development of color 
with three different concentrations of uric acid, when the unmodified procedure 
of Morris and Macleod is followed. Columns five and six show that a good 
proportionality exists in the first ten minutes between depth of color developed 
and amount of uric acid. The table also shows the necessity when a colorimeter 


TAPLE I 


RATE OF DEVELOPMENT OF COLOR WITH VARYING AMOUNTS OF Uric ACID WITH THE 
UNMODIFIED TECHNIC OF MORRIS AND MACLEOD! 


Volume = 50 ¢.c.; uu = 627 


LOG TAN2 @ FOR DIFFERENT AMOUNTS | RATIO OF COLOR 
TIME OF URIC ACID OF 
MIN. 0.1 M@. 0.3 MG. 

0.1 MG. 0.2 MG. 0.3 MG. try 02 Ma. 
5 0.62 1.25 1.8 0.50 1.44 
10 0.69 1.37 1.97 0.50 1.44 
15 - 0.74 1.44 2.06 0.51 1.43 
20 0.78 1.49 2.12 0.52 1.42 
25 0.81 1.54 2.18 0.53 1.41 
30 0.84 1.59 2.24 0.53 1.41 
40 0.89 1.67 2.33 0.53 1.40 
50 0.93 1.73 2.40 0.54 1.39 
60 | 0.97 1.79 2.46 0.54 1.39 


is to be used with this technic of preparing the standard and the unknown 
solution at the same time. 

The influence of the dilution of the reaction mixture on the intensity of . 
color developed was not sufficiently emphasized by Morris and Macleod. Table II 
shows that this is an important factor; and that this must be kept constant if. 
constant results are to be obtained. The uric acid and reagents, made up with 
water to the total volumes indicated in Table II were ineubated at 37° C. for 
thirty-five minutes. They were then cooled, diluted to 50 ¢.c., and the intensity 
of color developed was measured immediately after. 
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It was found that if the reagents and the uric acid are kept for thirty-five 
minutes at 37° C., there is only a negligible further development of color after 
cooling to room temperature and dilution to 50 ¢.e. <A typical result is given in 
Table ITI. 


TapLe II 
THE INFLUENCE OF DILUTION ON THE RATE OF DEVELOPMENT OF COLOR 


Urie Acid = 0.2 mg.; Temp. = 37° C.; Time = 35 Min.; wuz = 607 


VOLUME OF REACTION AMOUNT OF URIC ACID COR- — 
MIXTURE LOG TAN20 RESPONDING TO LOG TAN20 
C.C. MG. 
26 2.51 0.27 


36 2.02 0.20 
50 | 1.53 0.14 


TaBLe IIT 
THE FURTHER DEVELOPMENT OF CoLoR aT 20° C. AFTER THIRTY-FIVE MINUTES’ INCUBATION 


AT 37° C., IN A VOLUME OF 36 ©.C.; wu = 607 


AMOUNT OF URIC ACID TO WHICH 
LOG TAN26 LOG TAN2@ CORRESPONDS 
MG. 


2.13 0.215 
10 2.15 0.219 
23 2.17 0.224 
30 2.17 0.224 
60 2.19 0.227 
90 2.23 0.232 


The following was the final procedure employed: One cubic centimeter of 
diluted urine, usually the original urine diluted three times, was pipetted into 
a 50 ¢.e. centrifuge tube. Thirty-eight cubic centimeters distilled water, measured 
with a graduate, 1 ¢.c. of 2.5 per cent zine chloride, and 1 ¢.c. of 10 per cent 
sodium carbonate were then added. The solution was stirred and centrifuged. 
The supernatant solution was then poured off and the precipitate dissolved with 
4 drops of 10 per cent HCl. This was then transferred with 30 ¢.c. of distilled 
water to a 50 ¢.c. volumetric flask. Five cubie centimeters of 10 per cent sodium 
eyanide and 1 ¢.c. of the arseno-18-tungstie acid solution were then added. The 
flask was quickly swirled, and then set away, stoppered, in a water-bath at 
37° C. After thirty-five minutes it was cooled; the volume made up to 50 c.c.; 
and the intensity of color developed then read with the spectrophotometer. 

With this procedure the data shown in Tables IV and V were obtained. 

From the data in Table IV empirical calibration curves were constructed; 
because with the modified technic, the value of the proportionality constant re- 
lating intensity of color to the amount of uric acid is not 1. Table V gives the 
ratios computed from the data in Table III of the color intensity developed by 
different amounts of urie acid to that given by 0.2 mg. which was taken as a 
standard. The ratios at pp» 515 may be employed as correction factors when a 
colorimeter is used with the above procedure for development of the color; 
though it would be safer to construct a calibration curve. 
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TABLE IV 


\oSORPTION AT VARIOUS WAvE LENGTHS OF SOLUTIONS CONTAINING DIFFERENT AMOUNTS OF 


Uric Acip 
GF URIC ABSORPTION —= LOG TAN2@ FOR VARIOUS WAVE LENGTHS IN mu 
ACID 
| 5155 526) 537 | 549 | 5615 575 | 5090] 607 | 627 | 670 
~ 0.05 0.38 | 0.41 0.44 | 0.48 0.53 | 0.58 0.63 | 0.71 0.77 | 0.82 
010 | 0.63 | 068 | 0.74 | 082 | 090 | 099 | 1120 | 121 | 134 | 145 
015 | 081 | 089 | 098 | 108 | 120 | 1.33 | 148 | 164 | 1.81 | 197 
020 | 0.97 | 1.08 | 119 | 131 | 146 | 162 | 180 | 2.00 | 219 | 238 
| 114 |126 | 139 | 153 | 172 | 191 | 212 | 234 | 2.59 | 2.79 
030 | 133 | 147 | 161 | 179 | 200 | 223 | 248 | 276 | 3.06 | 3.29 
0.35 2.22 | 247 | 2.76 | 3.08 | 3.36 
040 | 156] 173 | 191 | 212 | 236 | 265 | 291 | 3.29 | 3.52 | 4.04 


When only two or three urinary urie acid determinations are to be made, 
the unmodified procedure of Macleod and Morris is probably quicker. But, as in 
our case, when there is a large number of analyses the modified technic described 
above affords a great saving in time and labor, whether a colorimeter or spectro- 
photometer is used; since all the unknowns and only one standard solution may 
be made up together. 


TABLE V 


RATIOS OF COLOR INTENSITY TO AMOUNT OF Uric AcID. 0.2 MG. TAKEN AS STANDARD 


RATIO OF COLOR INTENSITY FOR GIVEN AMOUNT OF URIC ACID 
AMOUNT OF | Uric acip | RATIO OF COLOR INTENSITY GIVEN BY 0.20 MG. URIC ACID AT 
PRESENT TO VARIOUS WAVE LENGTHS IN pu 
‘ 0.20 MG. |515.5| 526 | 537 | 549 | 561.5| 575 | 590 | 607 | 627 | 670 
0.05 0.25 “0.39 | 0.38 | 0.37 | 0.36 | 0.36 | 0.36 | 0.35 | 0.35 | 0.35 | 0.35 
0.10 0.50 0.65 | 0.63 | 0.62 | 0.63 | 0.62 | 0.61 | 0.61 | 0.61 | 0.61 | 0.61 
0.15 0.75 0.84 | 0.83 | 0.82 | 0.83 | 0.82 | 0.82 | 0.82 | 0.82 | 0.83 | 0.83 
0.20 1.00 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 
0.30 1.50 1.37 | 1.37 | 1.36 | 137 | 1.39 | 1.38 | 1.38 | 1.38 | 1.40 | 1.38 
0.35 1.75 1.52 | 1.53 | 1.53 | 1.54 | 1.53 
0.40 2.00 1.60 | 1.60 | 1.61 | 1.62 | 1.62 | 1.64 | 1.62 | 1.64 | 1.61 | 1.70 


TABLE VI 


VALUES OBTAINED AT DIFFERENT WAVE LENGTHS IN URINARY URIC ACID DETERMINATIONS 
SHOWING THAT THE ABSORPTION SPECTRUM Is THE SAME FOR 
URINE AS FOR Pure Uric ACID 


WAVE LENGTH SAMPLE 1 SAMPLE 2 SAMPLE 3 
bye MG. MG. MG. 
627 0.108 0.194 0.295 
607 0.108 0.194 0.297 
590 0.108 0.196 0.298 
575 0.108 0.195 0.299 
561.5 0.109 0.195 0.297 


Because approximately monochromatic light is used in the spectrophotometric 
readings it was necessary to know whether or not the same absorption spectrum > 
is obtained when the uric acid is precipitated from urine as with pure uric acid; 
i.e., whether or not the contaminants in the zine urate precipitate affect the color 
obtained. Table VI shows that the absorption spectra given by pure uric acid 
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and by urie acid precipitated from urine are identical. Had there been any 
difference the values of the different wave lengths would have exhibited a 
systematic variation. The agreement in the three sets of determinations in Table 
VI is typical of the results in more than one hundred analyses. 


SUMMARY 


A modification of the technic of Morris and Macleod for the determina- 
tion of urie acid is described which permits much more rapid analysis of a large 
number of samples. If a calibration curve has been constructed previously, tiiis 
technie obviates the necessity of preparing a standard solution for comparison 
when a spectrophotometer is used; with a colorimeter only one standard need 
be prepared. 
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- STUDIES OF THE PHYSIOLOGIC AND PATHOLOGIC CHEMISTRY OF 
THE SKIN* 

q 

PRELIMINARY REPORT 


ABRAHAM Rupy, M.D., Boston, Mass. 


MICROMETHOD FOR THE DETERMINATION OF THE SUGAR CONTENT IN THE SKIN 


NTIL recently the only functions of the skin generally considered were its 

protective, heat regulating, secretory, and sensory functions, There was 
little knowledge of its physiologic and pathologie chemistry. Wohlgemuth and 
his eoworkers,' Klopstock and Buschke,? and Meleser* were the first to demon- 
strate in the skin enzymes like amylase, diastase, tryptase, lipase, ete., in as 
high concentration as they are found in the liver. They have shown that the 
skin has its own specific metabolism of carbohydrate, protein, and fat, and other 
substances. Pillsbury* found that lactie acid, which is an important product of 
carbohydrate metabolism, is normally present in the skin. Studies of the normal 
and pathologie metabolism of the skin promise to be of utmost importance in 
diseases of the skin as well as in other pathologie conditions. Diseases of the 
skin should not only be studied now from the etiologic and histologic stand- 
point, but consideration should also be given to the specifie metabolism of the 
skin which may be disturbed while the metabolism of the other organs or the 
blood chemistry may be found to be normal. 


*From the Department of Pathology and Medical Clinic, Beth Israel Hospital. 
Received for pubiication, May 11, 1933. 
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The work done on the enzymes has been carried out on cadavers and a few 
amputated limbs. Gansslen® and Wohlgemuth and Scherk® undertook a chemical 
study of the content of artificially produced blisters in man, in the belief that it 
would represent the chemistry of the skin in vivo. Urbach,’ who was the first 
to study the chemistry of the human skin in vivo, has demonstrated, however, a 
di‘ference in the chemical values obtained from the blisters and from the skin. 
Together with Fantl® he developed a micromethod for the determination of the 
sugar content in the skin. With Sicher® he carried out studies on the sugar 
eontent of the skin in vivo under normal and pathologie conditions. They found 
that the fasting sugar of the human skin is normally lower than that of the 
blood, and that the sugar in the skin increases parallel with the sugar in the 
blood. In some skin diseases, as well as in latent diabetes, they found that 
after the ingestion of 100 gm. of glucose, the sugar in the skin inereased above 
normal, although the blood sugar rise was within normal limits. In other eases, 
which aecording to them belong to the sympathetic endocrine group, the blood 
sugar eurve reaches a very high level within an hour after the glucose ingestion, 
and rapidly falls with no abnormal increase in the height of the skin sugar curve. 
I found that the sugar content in normal human skin after intravenous glucose 
injection, and in uncontrolled diabetics is markedly elevated above the normal 
level. In my experiments with Abrams’? on rabbits we confirmed the findings 
of Folin, Trimble and Newman™ that the skin sugar rises rapidly with intra- 
venous injection of glucose and drops with the fall of the blood sugar. In addi- 
tion we found that the rise in the skin sugar of the rabbit occurs as soon as ten 
to twenty seconds following the intravenous injection of glucose. The glucose 
apparently spreads rapidly by diffusion through the blood and lymph systems. 


It is evident that the studies of the physiologic and pathologie chemistry of 
the skin should be carried out only on skin samples which represent the skin in 
vivo, as is true in the chemistry of the blood, and in order that these studies 
may be of practical value, micromethods should be applied. The sample of 
skin which is used for chemical analysis should be easily removed without any 
harm or great discomfort to the patient, although without anesthesia. 


Urbach and Fantl’s method calls for an electrie Kromayer puncher and 
the application of two stitches or clips. The weight of the skin removed varies 
between 100 and 160 mg. The sugar determination on the extract is carried out 
by Hagedorn-Jensen method. The method proposed below is an adaptation of 
Folin’s’? micromethod for sugar in the blood, which is more commonly used in 
this country. The removal of the skin specimen and the determination of its 
weight is also carried out in a somewhat different manner. The test can be per- 
formed on very small pieces of skin, especially when a high sugar value is ex- 
pected. It is best, however, when the skin specimen weighs in the neighborhood 
of 50 mg. 


REMOVAL OF THE SKIN AND PROCEDURE OF THE TEST 


Our aim is to obtain the skin in as normal a condition as possible. For 
this reason only healthy appearing skin should be removed and no local anesthetic 
should be used. The skin does not represent an homogenous tissue in all parts 
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of the body, and therefore, for the purpose of comparison, the same regions 
should be used in comparing different individuals, or parallel body surfaces in 
the same individual. I use the costovertebral region. It is free from hair, 
and does not require shaving. In addition, the patient is less conscious of the 
procedure. 

The skin is cleaned with soap and water and then with alcohol about one or 
two hours, or if possible twelve hours before, and covered with a dry sterile 
dressing. The epidermis and corium of the skin is picked up with a small diy 
toothed forceps of rustless steel, and a piece about the size of one-quarter to 
one-half square centimeter is cut off quickly with a sharp, dry, sterile scalpel. 
The scalpel should cut through the epidermis and corium, and not touch the 
subeutaneous fat, if possible. There is no bleeding until after the specimen is 
removed. The wound is swabbed with merecurochrome and covered with a small 
tight dressing. The specimen is placed with the corium up into a covered 
Petri dish, taken immediately to the laboratory, minced,* and then weighed. In 
ease the skin has some fat attached, which can be recognized by its yellow color, 
it should be removed with scissors before weighing. This is important because 
the sugar content of the fat is very low, and thus will lower the results of the 
skin sugar tests. The weight of the skin sample is determined on an analytical 
scale. Bang’s seale is most convenient for this purpose. When the regular 
analytical seale is used, the skin should be weighed on a watch glass covered with 
another to prevent evaporation. The weight of the pair ‘of watch glasses with 
and without the skin specimen is determined. The difference between the two 
weights gives the weight of the skin. Since the specimen is very small its 
weight should be recorded accurately to the tenth of a milligram. After the 
weight is taken, the skin is transferred into a 15 e.e. centrifuge tube containing 
10 e.c. of dilute tungstie acid solution, as is used in Folin’s’? micromethod for 
sugar. When the weight of the skin sample is below 50 mg. and the sugar 
content is expected to be low, only 5 e.c. of the tungstie acid solution should 
be used. The skin is well stirred with a glass rod and the tube is then placed 
in a cool place, preferably a refrigerator, for twenty-four hours. The extraction 
is often completed in four hours. 

From this point the test is carried out as described by Folin’ in his im- 
proved micromethod for the determination of sugar in laked blood. For greater 
convenience I am giving here the full procedure. 


Transfer 4 c.c. of the skin extract to a test tube graduated (with a ring all around) at 
12% and 25 ec. Make two standards, one containing 4 ¢.c. of the standard sugar solu- 
tion, and the other containing 2 ¢.c. of the standard sugar solution and 2 c.c. of distilled 
water in two similar tubes. To each tube add 1 c.c. of the 0.4 per cent potassium ferricyanide 
solution and 1 ¢.c. of the cyanide carbonate solution. When the sugar content of the skin 
is expected to be high, 2 ¢.c. of the potassium ferricyanide should be used. Heat in boiling 
water-bath for eight minutes, and cool in running water for from one to two minutes. Add 
5 e.e. of the ferric iron solution and mix. Let stand for from one to two minutes, and then di- 
lute with water to the 25 ¢.c. mark and mix. In case the color of the sample is light, dilute it 


*Only nonrustable scissors and forceps should be used, since the iron of the instruments 
may contaminate the test. 
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\ 
only to 12% e.c. and the standard to 25 ¢.c. In ease a little foam is obscuring the surface 
of the solution, a couple of drops of ethyl alcohol may be added before diluting with water. 
Fo: the colorimetric reading it is advisable to use Malmros’s!2 acid picrate light filter. 


CALCULATION 


The ealeulation differs from that in Folin’s'* micromethod, in that, there | 
is . correction needed for the weight of the skin and for the modified dilutions. 

A sufficient number of tests have been done by the above method to indicate 
its aceuracy. 

First, specimens taken from cadavers and from amputated limbs were 
studied. The skin was usually removed by the same technic as with in vivo 
stuties. On some oceasions a larger piece of skin was taken and divided into 
a number of smaller fractions. In Table I are given figures showing the results 
obiained on several specimens of skin removed from adjacent parts of the same 
body or amputated limb. The skin of the cavader, as a rule, was found to 
have a low sugar content unless uncontrolled diabetes was present or intra- 
venous glucose was used before death. Most of the sugar values obtained from 
skin samples of the same part of the body agree within 10 per cent. In Table II 


TABLE I 


NUMBER 
OF SKIN 
SPEC. 


SKIN SUGAR 


REMARK 
MG. SUGAR PER 100 GRAMS SKIN . 


84 83 Amputation of leg 
151 1438 Autopsy. Diabetic 

185 170 187 193 Autopsy. Died shortly after in- 
travenous glucose adm. 
92 90 94 79 E Autopsy 

77 79 81 Amputation of leg 

21 20 18 Autopsy. Malignancy 

38 39 Amputation of leg 

53 54. 5458 Amputation of arm 

91 82 94 93 2 Amputation of leg 
- 59 58 66 60 Amputation of leg 

45 47 Autopsy 

80 94 78 Autopsy 


bo 


are given the results obtained on in vivo removed specimens of skin compared 
with the results of the capillary blood sugar determined by the same method. 
The specimens in this table were taken from patients on the skin service about 
two to three hours after breakfast, except in one case of diabetic coma. On 
some occasions the skin specimen was divided in two pieces. Each piece was 
weighed, and its sugar content separately determined with quite close checks. 
The skin sugar in most instances was somewhat higher than the capillary blood 
sugar. Urbach and Sicher® found that the fasting skin sugar is lower than the 
fasting venous blood sugar. I suppose that the higher skin sugar figures I 
have obtained may be explained by the fact that the skin samples were mainly 
taken from two to three hours after breakfast and that the return of the skin 
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sugar to normal is slower than that of the blood sugar. Urbach and Sicier 
also claim that the skin sugar is elevated in some skin diseases and that diab: tes 
mellitus ean be discovered with the aid of a skin sugar tolerance test earlier tian 
with the blood sugar tolerance test. For practical purposes, however, I believe 
that a single skin sugar determination carried out from about one to three 
hours after a high carbohydrate meal should be sufficient. Folin and Sw ed- 


TABLE II 


SKIN SUGAR 


CAPILLARY WEIGHT OF 


MG. SUGAR TIME TEST 
N KIN IN DIAGNOSIS 
NAME SUGAR IN IN per 100 GRAMS TAKEN 
MG. MG. 


a. ©. 11s 18.0 113 3 hr. after breakfast General psoriasis 
F. 98 28.4 106 Fasting General psoriasis 
7 M. G. 116 24.6 116 Allergy 
A.D. * 115 22.6 125 3 hr. after breakfast Syphilis 
M. B. 93 60.0 108 10 A.M. Urticaria 
H. L. 129 44.0 194 24 hr. after breakfast Diabetic 
D. M. 103 30.0 131 
19.7 134 Fasting Pruritus vulyae 
H. A. 92 39.7 123 
“ 33.0 130 2 hr. after breakfast Pyodermia 
y A. W. 89 56.1 62 
= 63.6 62 10 A.M. Psoriasis 
4 A. K. 113 39 3 158 
35.0 138 Fasting Diabetes 
S. S. 770 42.5 440 During treatment, Diabetic coma 


Venous blood 483 while in coma 


berg’s'* micromethods for the determination of nonprotein nitrogen and uric 
acid in unlaked blood can be adapted for the determination of the same in the 
skin. Experiments are now being carried out to determine the smallest size of 
skin sample as wel! as the dilutions necessary for these determinations. 


SUMMARY 


Attention is called to the importance of the studies of the physiologic and 
pathologie chemistry of the skin. 

A micromethod for the determination of the sugar content of the skin in 
vivo is described. Similar methods for the determination of the nonprotein 
nitrogen and urie acid content of the skin are suggested. 

The chemistry of the skin may play an important réle in the studies of some 
skin diseases and metabolic disorders. 


I wish to thank Dr. Jacob Swartz for his helpful suggestions and kind permission to 
use the cases from the Skin Service. 
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A DIRECT NESSLERIZATION METHOD FOR UREA NITROGEN IN 
BLOOD WHERE COMMERCIAL UREASE IS EMPLOYED* 


CLARA S. SHapiro, M.A., New York, N. Y. 


N RECENT years the direct nesslerization method for urea nitrogen has been 

coming more and more into general use. The Karr! modification of it has 
been accepted by some hospitals and private laboratories as a regular routine 
procedure in place of the more cumbersome, although possibly more accurate, 
aeration method. In view of the increasing use of the direct nesslerization 
method, it seems desirable to have it further improved in order to obtain more 
reliable results. 

The following changes seem to be especially desirable : 

1. To avoid or delay the formation of turbidity on nesslerization so that 
an accurate reading can be taken. 

2. To modify it in such a way that commercial urease can be used instead 
of a specially prepared urease extract. The urease manufactured by a reliable 
company gives uniformly accurate results, while the preparation of urease 
extract at a hospital, besides being time consuming, frequently results in prod- 
ucts of varying potency. Such urease extract is sometimes a source of con- 
siderable error in the urea determination. The preparation of these extracts 
requires careful technic and accurate checking, which is not always possible, 
especially in small laboratories. 


*From the Laboratory of the Life Extension Institute. 
Received for publication, May 19, 1933. 
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3. To obtain a color on nesslerization which will match an ammonium 
sulphate standard and thus eliminate the necessity for a urea standard as 
employed in Karr’s method. 

Ammonium sulphate solutions keep indefinitely and give dependable re- 
sults. Urea standards have to be renewed every month with the added disiad- 
vantage that a preservative, such as toluene, may have an undesirable effect 
on the color of the nesslerized urea standard. 


The method here described represents an attempt to answer the above- 
mentioned requirements. The principle consists in incubating the Folin-\Vu 
blood filtrate with ordinary commercial powdered urease which is later removed 
from solution by precipitation with an additional amount of tungstic acid; the 
floceulent precipitate formed is filtered off through ordinary filter paper. The 
resulting water-clear filtrate is then nesslerized and compared against a nessler- 
ized standard ammonium sulphate solution. 


METHOD 

Reagents.— 

1. Standard Ammonium Sulphate Stock Soluiion: Dissolve 0.4716 gm. of C. P. ammonium 
sulphate in a little water and make up to one liter; 10 ¢.c. of this solution contains 1 mg. of 
nitrogen. 

2. Nessler’s Solution (2): Introduce into a large beaker or Erlenmeyer flask, about 
500 ¢.c. of water, add 100 gm. of C. P. sodium hydroxide. Place the flask in a pan of cold 
water to prevent the development of heat. Let stand until all dissolves and the solution is 
cool. In the meantime, introduce through a paper cone into a dry 1,900 ¢.e. volumetric flask, 
100 gm. U.S.P. mercuric iodide (H,L), 70 gm. C.P. potassium iodide and about 400 c.c. of 
distilled water. Rotate the flask to dissolve. Occasionally a few grains of mercuric iodide 
will remain undissolved, which does not interfere. When all has dissolved, add the sodium 
hydroxide solution slowly with constant rotation of the flask, and make up to 1 liter with 
water. Mix and transfer to a bottle with a rubber stopper. Let stand overnight, preferably 
in an incubator at 37 or 38° C. In the morning, a fine brown precipitate will be found on the 
bottom of the bottle. The supernatant fluid can be siphoned off or filtered through cotton. 

This stock solution keeps indefinitely. It has to be diluted 1:5 just before use. 

3. Ye Normal Sulphuric Acid: It is prepared from % normal H,SO, by diluting the 
latter 8 times. 

Procedure.—Prepare the Folin-Wu filtrate as usual, or, if desired, the following simplified 
technic can be used, which invariably gives excellent results: 

For each cubic centimeter of oxalated blood, add 8 ¢.c. of 4 normal H,SO,, and 1 ¢.c. 
of 10 per cent Na,WO, solution. Rotate the flask 2 or 3 times. Filter at once. The filtrate 
should be water-clear. Into an ordinary test tube of about 30 c¢.c. capacity, pipette 10 c.c. 
of Folin-Wu filtrate. Ineubate with approximately 0.1 gm. Urease powder (Squibb) for 
fifteen minutes at 50° C. To the incubated filtrate, add 1 ¢.c. of distilled water, 8 c.c. of 
Yo normal H,SO, (or 1 ¢.c. of % normal H,SO, and 7 e.c. H,O) and 1 ¢.c. of a 10 per cent 
solution of sodium tungstate. The total volume is 20 ¢.c. Mix several times by inversion. 
Filter off the floceulent, white precipitate through ordinary filter paper. The filtrate should 
be water-clear. 

Into a 100 ¢.c. graduated cylinder, pipette 10 ¢.c. of this final filtrate (equivalent to 
0.5 ec. of blood). Add 3 c.c. of distilled water and 2 c.c. of dilute Nessler’s solution, freshly 
prepared from the stock solution. Adjust to 15 ¢.c. mark. Mix by inversion. Compare at 
once against standard ammonium sulphate solution, which is prepared as follows: 5 c.c. of 
stock ammonium sulphate solution (equivalent to 0.5 mg. nitrogen) are diluted with water 
treated with 20 c.c. of dilute Nessler’s solution and made up to 100 e¢.c. in a volumetric 


flask. 
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If the color of the unknown is darker than that of the standard, add more of the 
Nessler’s solution until no more increase in color is observed. (In the case of very high 
ures content, 20 or 25 ec. of Nessler’s solution are required.) Dilute immediately with 
war to desired volume until the color approaches that of the standard. Mix and compare 
at nee. The nesslerized solution should be perfectly clear and should remain so for several 
mivates. The higher the nitrogen content of solution the longer it will stay clear (three 
minutes to one hour). Smoke and fumes in the laboratory have been observed to accelerate 
the formation of turbidity. 


Cal-ulation: 


Standard Reading Unknown Dilution % mg. N in 
Unknown Reading Standard Dilution Standard 
Simplified this becomes (Standard at 20) 


20 
Unknown Reading 


mg. Urea N in 100 


x 2x 100 = c.c. of blood 


x Unknown Dilution — mg. Urea N in 100 e.c. of blood 


RESULTS 


The method described was tested out on a number of bloods as well as on 
control solutions. The latter was done in order to ascertain that commercial 
urease after being removed from solution does not leave behind some substances 
which will affect the accuracy of the method. Standard ammonium sulphate 
solutions of concentrations, from 10 to 200 mg. nitrogen per 100 c¢.c., served 
as controls. They were treated exactly as if they were bloods, namely, 1 c.c. 
of such solution was diluted with 10 ¢.c. of water, mixed with 0.1 gm. of solid 
urease and the latter was precipitated by addition of 8 ¢.c. of 4» normal sul- 
phurie acid and 1 ¢.e. of a 10 per cent solution of sodium tungstate solution as 
described above. The results are given in Table II. 


As ean be seen from the table the recovery of the nitrogen is quite good, 
the error not exceeding +3 per cent, which is the theoretical error of the direct 
nesslerization procedure. (The error of the colorimeter reading = 1-1.5 per 
eent under routine conditions. The combined error of pipetting, dilution, etc., 
is at least 1-1.5 per cent. The total is equal to +3 per cent.) 

This method was next tested on a number of normal bloods, to some of 
which known amounts of a standard urea solution were added. The results 
obtained were checked against the aeration procedure. Also a number of 
pathologie bloods was obtained from the Coney Island Hospital, New York City, 
and the urea determined by the same method. The results were compared 


with those of the Coney Island Hospital laboratory, where Karr’s direct method 
is used exclusively. 


TABLE I 


CONTROL OF SUCTION 
SOLUTION MG. N. PER 100 C.c. 
GIVEN FOUND ERROR* PER CENT 

Standard Urea 14.0 13.9 -1 
Standard Urea 14.0 13.6 -3 
Standard Urea 14.0 14.4 +3 
St. (NH,), SO, 15.0 14.8 -1 
St. (NH,), SO, 15.0 15.3 +2 
St. (NH,), SO, 25.0 25.0 0 


*Error +3 per cent, 
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The aeration procedure was that recommended by Myers*® in which 2 «<. 
of oxalated blood are incubated for fifteen minutes at 50° C. with Squib')’s 
urease powder and aerated for one hour. A control was introduced into e:ch 
set of 3 or 4 specimens consisting of 2 ¢.c. of standard ammonium sulp) ite 


TABLE IT 


CONTROL EXPERIMENTS ON STANDARD AMMONIUM SULPHATE SOLUTIONS 


4 SPECIMEN NITROGEN PER 100 ¢.C. ERROR 
STANDARD AMMONIUM SULPHATE GIVEN FOUND 
Mg. Mg. Per Cent* 

Control solutions 1 10.0 9.7 - 3 

- Control solutions 2 20.0 20.6 +3 
Control solutions 3 20.0 20.8 +4 

Control solutions 4 20.0 20.2 +1 

Control solutions 5 20.0 20.4 +2 

Control solutions 6 30.0 30.6 +2 

Control solutions 7 50.0 50.0 0 

Control solutions 8 70.0 68.0 - 3 

Control solutions 9 100.0 100.0 0 

Control solutions 10 100.0 99.0 -1 

Control solutions 11 150.0 145.0 - 3 

Control solutions 12 200.0 180.0 -10 


*Theoretical error +3. 


TABLE IIT 


COMPARISON OF PROPOSED DIRECT METHOD WITH MYERS’ AERATION METHOD AND WITH KArkk’s 
DirEcT METHOD 


PROPOSED METHOD AERATION METHOD 


SPECIMEN ven $60 DEVIATION 

: Individual bloods mg. mg. per cent 
7 1 J. D. 16.5 16.2 1.0 
2 17.3 16.8 3.0 
3 F. K. 12.0 12.2 2.0 
‘ 4 S. F. 16.4 16.5 0.5 
5 J. Dz 17.1 16.6 3.0 
6 Ger .. 18.4 19.2 4.0 
7 H. E. 13.5 13.1 3.0 
8 F. N. 13.1 13.8 5.0 
9 16.7 15.8 6.0 
10 Wei... 14.2 15.1 ’ 6.0 
11 12.0 12.2 2.0 
2 ©. 14.7 16.0 8.0 
13 45.1 46.6 3.0 
14 Blood + Urea 87.3 82.2 6.0 
15 Blood + Urea 80.0 83.0 3.0 
16 Blood + Urea 45.8 43.7 5.0 
17 Blood + Urea 41.7 40.5 3.0 
18 Blood + Urea 62.5 59.7 5.0 
19 Blood + Urea 98.0 106.3 7.0 
20 Blood + Urea 23.7 22.4 5.0 
21 Blood + Urea 35.5 35.3 1.0 
“= Blood + Urea 156.0 153.0 2.0 

SPECIMEN PROPOSED METHOD KARR’S METHOD DEVIATION 

Individual bloods mg. mg. per cent 
23 26.9 27.0 0 
24 Cc. 33.3 33.3. 0 
25 53.3 42.1 25 
; 26 C. I. Hf. 49.4 48.6 2 
27 129.0 125.0 2 

2 54.2 55.0 

6 


Theoretical deviation 
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sol: tion which was equivalent to 15 mg. nitrogen in 100 ¢.c. It was treated 
exe tly like the blood specimens. A urea control equivalent to 14 mg. of N in 
100 ¢.e. was also used. This was incubated with Squibb’s urease and aerated 
alo z with the bloods. The nitrogen recovery in the case of both controls was 
fro. 97 per cent to 103 per cent as Table I shows, 


The data on blood determinations are given in Table III. The agreement 
bet.een the method proposed and the aeration method, with a few exceptions, 
is :uder 6 per cent, which is within the theoretical tolerances. 


DETAILS OF METHOD 


in an attempt to prevent completely the formation of turbidity a number 
of «ther urease precipitants were tried; these included 95 per cent alcohol of 
which 10 ee. were added to 10 ¢.c. of Folin-Wu filtrate giving a final con- 
centration of 50 per cent alcohol; also 5 ¢.c. were added giving a final concen- 
tration of 30 per cent aleohol; trichloracetic acid, 300 mg.; HNO, concentrated, 
1 cc.; HCl concentrated, 1 ¢.c.; H.SO, 10 per cent solution, 0.2 ¢.¢.; sulpho- 
salicylic acid, 3 per cent solution; NaOH; 1 normal, 1 ¢.c.; Na,CO, saturated 
solution, 1.5 ¢.¢c.; BaCl,, dilute solutions, varying amounts. 

All of these substances except HCl, H,SO, 10 per cent, and alcohol 30 per 
cent remove the urease completely, leaving a water-clear filtrate. On nessleriz- 
ing the latter, however, a greenish tinge and immediate turbidity were produced 
with aleohol 50 per cent and 30 per cent, BaCl,, trichloracetie acid, NaOH and 
Na,CO,.. The 10 per cent sulphuric acid, sodium hydroxide, and sodium ear- 
bonate in the econeentrations used, had a bleaching effect on color. Sulpho- 
salycilie acid, HCl concentrated and HNO, concentrated, prevent the forma- 
tion of color altogether. It follows that tungstie acid is the best precipitant 
of commercial urease among those tried, because it allows a fairly stable color 
development on nesslerization. An attempt was made to reduce the amount of 
tungstie acid but was found impossible because of incomplete precipitation of 
urease. 

Commercial urease appears to be more or less completely precipitated by 
a sufficient quantity of tungstie acid. At least the resulting filtrate is water- 
clear and on addition of another portion of tungstie acid not a trace of pre- 
cipitate appears. The removal of the urease from solution causes a decided 
improvement in the color development on nesslerization. Although the forma- 
tion of turbidity is not entirely avoided, it is delayed sufficiently to enable the 
technician to take an accurate reading. The nesslerized solution is obtained 
perfectly clear and remains so for a period of time varying from three min- 
utes to one hour depending on the concentration of urea nitrogen. It has a 
good orange color and ean be easily compared against an ammonium sulphate 
standard. 

The greenish tinge is entirely absent from bloods of higher urea content. 
These bloods give a perfectly good match. The normal bloods, from 10 to 
20 mg. per 100 ¢.c., do appear slightly greenish in the colorimeter, but can 
still be, matched against the standard, the deviation from aeration procedure 
not exceeding 6 or 7 per cent. 
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In contrast to Karr’s procedure, the method here proposed gives quite 
stable color in specimens of high urea content. Turbidity never develops im- 
mediately after addition of Nessler’s solution. The color is good and perfectly 
clear for from about fifteen minutes to one hour. The stability of color decreases 
as the nitrogen content approaches the normal range, as Table IV shows. 


TABLE IV 


PERIODS DURING WHICH NESSLERIZED SOLUTIONS REMAIN CLEAR 


DURATION OF CLEAR NESSLER’S 
SOLUTION 


N. PER 100 C.c. 


mg. 

- 100-200 20 min. to 1 hour 

4 50-100 10 min. to 20 min. 

. 30- 50 5 min. to 10 min. 
10- 30 3 min. to 5 min. 


It is therefore advisable to nesslerize each specimen separately just be- 
fore reading. 


TABLE V 


COMPARISON OF TAYLOR AND BLAIR DIRECT METHOD WITH MYERS’ AERATION METHOD 


NITROGEN PER 100 C.c. 


TAYLOR AND AERATION 


SPECIMEN BLAIR DEVIATION STANDARD REMARKS 
METHOD 


mg. mg. per cent* mm. ‘ 
1 Normal blood 15.6 15.4 1 15 Match good 
} 2 Normal blood 10.0 11.1 10 15 Match good 
3 Normal blood 14.0 13.0 7 15 Match good 
4 Normal blood 12.5 12.5 0 15 Match good 
7 5 Normal blood 11.9 12.5 5 15 Match good 
6 Normal blood 15.1 15.1 0 15 Match good 
7 Normal blood 15.9 10.8 30 20 Match poor 
8 Normal blood 16.9 13.2 20 20 Match poor 
: 9 Normal blood 17.5 119 25 20 Match poor 
; 10 Normal blood 17.8 14.9 20 20 Match poor 
: 11 Normal blood 16.6 12.9 30 20 Match poor 
12 Normal blood 21.8 17.5 2 20 Match poor 
13 Normal blood 20.2 16.7 21 20 Match poor 
Duplicate 20.0 16.7 20 20 Match poor 


4 14 Blood + Urea 19.7 20.3 3 20 Match good 
4 15 Blood + Urea 24.0 23.8 1 20 Mateh good 
My 16 Blood + Urea 20.8 18.3 11 20 Match good 
A 17 ~— Blood + Urea 22.7 19.4 15 20 Match poor 
*e 18 Blood + Urea 29.3 26.5 10 20 Match poor 
; 19 Blood + Urea 33.0 29.2 13 20 Match poor 
20 Blood + Urea 39.8 38.7 3 20 Match good 
21 Blood + Urea 67.6 71.1 5 20 Mateh good 
22 Blood + Urea 95.0 98.3 3 20 Match good 
23 Blood + Urea 117.0 125.5 6 20 Match good 
24 Blood + Urea 148.0 153.0 3 20 Match good 
} 25 Urea Solution 
(14 mg. N. per 100 c.c.) 13.6 Percentage Recovery 97 
26 Same 13.4 Percentage Recovery 96 


*Theoretical deviation 6 per cent. 
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SHAPIRO: NESSLERIZATION METHOD FOR UREA NITROGEN 


ADDENDA 


While these experiments were in progress, an excellent direct nesslerization 
procedure was published by Dr. W. F. Taylor and Dr. W. M. Blair of Texas.‘ 
Their method was tried out in this laboratory and was found to give good 
results, especially with bloods of high nitrogen content. 

The nesslerized solutions in this method remain perfectly clear for about 
an |.our or longer even in solutions of normal urea content. The match against 
standard ammonium sulphate is good in the ease of more concentrated solutions. 
As to the normal bloods, they appear greenish in the colorimeter and are rather 
difficult to match when the standard is set at 20 mm. In our hands the error 
rose to about 20 or 30 per cent. Shifting the standard to 15 mm. reduces the 
difference in tinge between the unknown and the standard, which results in 
better agreement with the suction method. The results are given in Table V. 


COMMENT 


Since turbidity formation is completely obviated in the Taylor and Blair 
method, it might appear unnecessary to suggest another procedure. It was 
decided, however, to complete these experiments for the following reason: 

1. The large amount of blood (5 ¢.c.) required in the method of Taylor 
and Blair makes it inconvenient to use in some cases especially in emergencies. 

2. The special urease required for this method again calls for well-trained 
workers, a well-equipped laboratory, and additional time. 

3. The method here presented can be completed in about thirty or thirty- 
five minutes and requires no special reagents. Because of its speed and sim- 
plicity it may be of use in emergency cases. It is believed to give more reliable 
results than Karr’s procedure, because the nesslerized solution is more stable. 
It may, therefore, replace the latter where it is accepted as a routine pro- 
cedure. This method is not intended, however, to replace the standard aeration 
procedure since the formation of turbidity is merely delayed but not com- 
pletely obviated. 


SUMMARY 


A direct nesslerization procedure is proposed in which commercial urease 
is employed. The urease is removed from solution before nesslerization, and 
the color of the nesslerized solution is fairly stable so that a good reading can 
be taken. The stability of color increases with increased concentration of urea 
nitrogen in blood. 

A number of urease precipitants were tried out in addition to tungstic 
acid. They gave, however, inferior results. 

The Taylor and Blair direct method was tested and found to give satis- 
factory results in specimens of high urea content. 


I wish to express my deepest thanks to Dr. James J. Short, Director of Laboratories 
at the Life Extension Institute, for permission to carry out these experiments and for numer- 
ous valuable suggestions. 

I also wish to thank Dr. Harold Fink and Mr. Singer of the Coney Island Hospital for 
supplying me with pathologic bloods from the laboratory of the hospital and for giving me 
the results of their analyses. 
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A NEW METHOD FOR THE PRODUCTION OF ANTISHEEP 
HEMOLYSIN* 


MarGARET Beattie, A.B., Gr.P.H., BERKELEY, CALIF. 


URING the past ten years various methods for the production of aggluti- 

nating and hemolytic antisera have been tested in the teaching laboratory 
of the Department of Hygiene. Each year student workers have produced 
antisera by intravenous, subcutaneous, and intraperitoneal inoculations of 
antigens prepared in different ways but rarely have these antisera been of high 
titer. This has been particularly true in case of hemolysin for use in the 
Kolmer standard Wassermann test. Tuft, Yagle and Rogers' having shown 
that intracutaneous injection of typhoid vaccines produced the most satisfactory 
immunologic response, it was decided to employ this route for the administration 
; ot red blood cells or serum as suggested by Stafseth.? 

Two rabbits received intracutaneous inoculations of sheep serum and two 
received sheep red blood cells. The serum from none of these animals produced 
hemolysis to any appreciable degree. One of the rabbits which had received 
sheep cells was then given four inoculations of cells intravenously and the other 
six additional intracutaneous injections of cells. Neither responded by any in- 
crease of hemolytic power. The two rabbits which had received sheep serum 
were given three intravenous inoculations of sheep cells five days after the last 
intracutaneous inoculation of sheep serum, and both produced an unusually 
powerful hemolysin. 

In order to demonstrate whether this result was accidental, 16 rabbits were 
inoculated as follows: 5 intracutaneous injections of sheep serum were given at 
forty-eight-hour intervals, the initial dose being 0.5 ¢.c. and the final 2.5 ¢.c.; 
after four days three intravenous injections of 1.0 ¢.c. of a 10 per cent suspension 
of sheep red blood cells were given at forty-eight-hour intervals. Eleven other 
rabbits received egg albumen in place of the sheep serum in order to determine 
whether or not a nonspecific protein stimulation would be as effective. None 
of the 11 produced serum which was hemolytic in a dilution above 1-8,000 and 
only two reacted so actively. 

Of the 16 rabbits 3 died before the last inoculation of cells was given, 2 
before any cell inoculations, and one after two serum inoculations. All of these 
animals were emaciated and had severe diarrhea. On autopsy they showed 


*From the Department of Hygiene, University of California. 
Received for publication, May 25, 1933. 
Aided by a grant from the Board of Research of the University. 
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exiensive fibrosis of the subcutaneous tissues in the thoracic or abdominal 
recions. There were no significant lesions at the site of the serum inoculations 
an‘ no viseeral lesions. It was suggested that this was a type of anaphylactic 
re: ‘tion. 

Of the 10 animals which survived the inoculations 7 had diarrhea and sub- 
cu’ neous abscesses ventrally on the same side as the serum inoculation site. 
Tlse animals were profoundly ill and all were bled to death on the fourth, 
fif':, or sixth day after the last inoculation. No area of fibrosis was seen in 
thi. group. Three of these animals produced serum which was hemolytic in a 
1-5,000 dilution ; 2 in a 1-10,000; 3 in a 1-15,000; and 2 in a 1-35,000 dilution. 

It is hoped that some method of treating the serum will be evolved so that 
the reaction will be less severe and fewer animals will be lost. In spite of the 
hie! mortality the value of the method is apparent. In a series of 30 rabbits 
inoculated in 1925° with sheep cells under varying conditions, only one re- 
sponded with a serum hemolytic in a dilution above 1-10,000. Since we have 
been pursuing these experiments, workers in the State Bacteriological Labora- 
tory have used the method with success though with a similar loss of animals. 


CONCLUSION 


The intracutaneous inoculation of rabbits with sheep serum and the sub- 
sequent intravenous injection of sheep cells was followed by the production of 
hemolysin of unusual power. 
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A SIMPLE LIGHT FILTER FOR MICROBLOOD SUGAR 
DETERMINATIONS* 


J. W. Px.D., CLEVELAND, OHIO 


N A note on his microblood sugar methodt Folin states that for satisfactory 
results one should use a light filter that will give a uniform field when a 
solution of 0.2 per cent potassium ferricyanide set at 20 is matched against a 
cup of distilled water. A filter that will do this satisfactorily can easily be 
prepared by painting a rim of paraffin 2 to 3 mm. thick around the edges of a 
small section of an ordinary microscope slide. The cup so made is filled with a 
saturated solution of picrie acid, the liquid covered with a cover slip, and the 
whole set on the eyepiece of the colorimeter, where it does not interfere with 
whatever source of light is being used. 
*From the Laboratory of the Maternity Hospital. 
Received for publication, May 11, 1933. 
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A SIMPLE ROTARY INOCULATING TABLE* 
Ross SPALDING Spray, PH.D., MorGaNntown, W. Va. 


ECHANICAL devices have been frequently proposed and designed to 

facilitate dispersion of bacteria on agar plates for the purpose of surface 
colony isolation. These have been, for the most part, makeshifts, or are of com- 
plicated and expensive construction, involving the use of motor or other mechan- 
ical drives. 

The design here proposed has the advantage of simplicity and cheapness 
of construction, and can be made in any university or commercial machine 
shop. It consists of only three parts: namely, a cast iron turntable, base plate, 
and a steel ball bearing. The table runs on a steel shaft turned to an oil tight 
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fit in the base, and is supported on a steel ball bearing. With a touch of the 
finger the table spins rapidly or slowly for a minute or more, according to the 
impetus given. 

The table is provided with four holes into which small sticks may be in- 
serted to protrude about “4. inch to center the dish and prevent its slipping 
off center if turned at high speed. Or a disk of felt may be cemented onto 
the table which serves the same purpose, 

In use the solidified agar plates are centered on the table. A loop of cul- 
ture, from broth or agar, is placed in the center. The spreader, a triangular 


*From the Department of Bacteriology, Medical School, The West Virginia University. 
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loop or glass rod bent to a right angle, is flamed and held in the right hand. 
Te lid is lifted with the left hand just to allow the entrance of the spreader, 
and the table is spun counterclockwise with the right thumb. Spiral lines or 
co\fluent inoculation may be made according to experience. With some prac- 
tive excellent colony distribution is effected. The procedure is more rapid, 
ar | the results much more uniform, than are obtained by the customary stroke 
m¢ ‘hod. 


A METABOLISM CAGE FOR RATS* 


Kurt W. FRANKE, Pu.D., anp W. RoypEN FRANKE, Brooxrnas, 8. D. 


HE desire for a more economical cage, both from the standpoint of the 

cost and space required, resulted in the design of the cage unit shown in 
Fiz. 1. This unit consists of 50 cages (25 to a side) and occupies a floor space 
24 hy 44 inches. 


Fig. 1. 


The cage proper (Fig. 2) is made in three pieces, the two sides are of 
galvanized iron, and the bottom and ends are of one piece of screen. The 
sereen used is a 21% by 214 mesh, No. 063 wire, galvanized after weaving. The 
24 inch width sereen is cut into 8 inch pieces, and 14 inch is turned over on a 
forming block after notches have been cut where the ends turn up. The side 
pieces are made of 24-gauge Armco galvanized iron and bent on a break as 
shown in the cross-section. These are then slipped onto the wire, the laps 

*Communication No. 1 from the Department of Experiment Station Chemistry, South 


Dakota Experiment Station, Brookings. 
Received for publication, May 18, 1933. 
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clinched, and the corners soldered. It is best to clinch sides and solder wh.le 
the cage is on a form so they will be interchangeable and slide freely into ‘he 
hangers. 

An opening is made in the screen by spreading the wire for inserting a 
drinking tube, the bottle being held by a wire ring. If desired an opening 


1- Top Section 
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may be cut for the Joy food eup, which can be soldered on. If the wire edge 
does not make an even finish, strips of sheet metal can be bent on a break and 
soldered on as in Fig. 1. 

Fig. 3 gives the dimensions and details for the construction of the stand 
which is made in two sections. When bolted together a sheet of galvanized iron 
is placed between, forming a solid back. 
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The 114 by 114 by %g¢@ inch angle and 114 by *%g¢ inch bar form the ver- 
tical supports and are welded last. Fig. 3 A and B give the detailed dimen- 
si ns for the middle sections, the top (C) varying from this by the substitution of 
ai angle iron in front for the bar. The bottom section (C) differs from the top by 
h: ing this angle iron turned down, not requiring the angle and tees for hangers. 

It was found advantageous to make a form in which to place the ends and 
sies for welding. The % by 1 by % inch angle for the hanger was then cut 
ar. | spot welded. In order that the spacing be equal, templates of heavy 
sh et iron 814 inches wide were laid, and the tees for hangers were welded in 
pl.ce. As only a 1 by 1 by 4% inch tee iron could be obtained, the unequal leg was 
eu’ by a torch to 4% inch and ground smooth on an emery wheel. 

The sections were then spaced 834 inches apart (this can be varied depend- 
in. on the height of tray used to catch feces and urine), and the supporting 
anvles and bars welded in place. As will be noted in Fig. 1, a 1 inch pipe and 
coupling were welded in the angle iron legs, so that the casters with 1 ineh 
pipe thread sockets could be screwed into the couplings. 

Pieces of galvanized iron were cut and laid over the top and middle see- 
tions to form the tops of the cages. On top of these, galvanized iron trays 
were slipped which, when filled with sawdust, catch the feces and absorb the 
urine. 

When the iron angle framework is painted with aluminum paint, the unit 
has a neat and sanitary appearance, 


List of material required for a unit: 
24 ft. 14% x 1% x %@ inch angle 
76 ft. 1 x 1 x 34g inch angle 
15 ft. % x % x \%& inch angle 
30 ft. 1 x 1 x \& ineh tee 
17 ft. 1% x inch bar 
30 ft. 1 x %@ inch bar 
200 sq. ft. 24 gauge galvanized Armco iron (cages and trays) 
50 sq. ft. 26 gauge galvanized iron (back and tops of cages) 
75 sq. ft. 2% x 2% galvanized screen 
6 pounds solder 
6 ft. 1 inch iron pipe 
4 1 inch couplings 
1 set casters, 5 x 1 inch Rubberex wheels, 1 inch pipe thread socket. 


SUMMARY 


A cage unit occupying minimum of space, very easy to clean, and very 
mobile (can be moved to balance for the weighing of rats and food, or from 
room to room). 
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A SIMPLE DEVICE TO BE USED IN CONNECTION WITH MICRO- 
KJELDAHL DIGESTION PROCESS* 


HENRY PETERSILIE, B.S., NEw York, N. Y. 


T HAS been our experience that in the determination of the nonprotein 
nitrogen on the Folin-Wu blood filtrate by the micro-Kjeldahl method, the 
use of beads to prevent bumping of the liquid during the digestion has been 
unsatisfactory. The flame needs careful regulation and very often, in spite of 
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gentle heating and constant attention, the determination may be lost through 
bumping out of the tube. 

The tube herein described has been used in the determination of the boil- 
ing points of small quantities of pure liquid. We have adapted it to the non- 
protein nitrogen determination. Its advantages are: 


*From the Pathological Department, Bronx Hospital. 
Received for publication, May 1, 1933. 
5, am indebted to Dr. Joseph Felsen, Director, for encouragement in publication of above 
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. It prevents bumping. 

2. It permits a uniform rate of boiling and makes possible the ‘‘eight 
minute’’ period for the digestion. 9 

3. It needs no watching and many determinations may be run at the same 
time without fear of losing any of the mixtures. 

4. It may be used repeatedly. 


The device consists of a piece of Pyrex glass tubing sealed at one end, 7 
mn. in length and of 3 mm. inner diameter, (A), attached to a Pyrex glass rod, 
2° em. in length, (B), and of the same diameter as (A). The sealed end of 
(4) is fused onto the glass rod, leaving the lower end open. The device is 
in-erted into the bottom of the micro-Kjeldahl tube containing the blood filtrate 
and the ‘‘acid digestion mixture.’’ Gentle heat is applied and after boiling has 
sterted, the digestion needs no attention until the final charring and color 
changes. The tube is not removed until after nesslerization; for some of the 
liquid goes into the open end of (A) and its removal at this point would intro- 
duce a source of error. 

The evaporation of a liquid depends on heat transfer to the liquid through 
a solid containing wall. The rate of evaporation depends, among other factors, 
on the thickness of the film between the inner surface of the container and the 
liquid. This film offers the greatest resistance to heat transfer.* Superheating 
of the film causes sudden vaporization at the bottom of the liquid and ‘‘bump- 
ing.’’ Smoothness and cleanliness of the solid surface are important factors in 
the coefficient of heat transfer. 

Tube ‘‘A,’’ in order to be effective, must rest in the bottom of the digestion 
tube. This contact compresses the film at that point and causes flashing at a 
lower temperature. ‘‘A’’ receives the vapor and issues it in a steady stream of 
small bubbles. 

Thus, this device is explained by vaporization at a lower temperature, 
superheating of only a small portion of the liquid film, and the convection of 
heat by the bubbles. 


*Badger and McCabe, “Elements of Chemical Engineering,” p. 124. 
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PREGNANCY, Hormone Diagnosis of Viability of, Spielman, F., Goldberger, M. A., and 
Frank, R. T. J. A. M. A. 101: 266, 1933. 


Thirty-three pregnancy cases in which missed abortion was suspected or expected were 
studied from the hormonal aspect in order to determine the relationship between the female 
sex hormone of the blood and the prepituitary hormone of the urine on the one hand, ani 
fetal life or death on the other. 

The Frank-Goldberger method was used in the blood studies, and either the Aschheim- 
Zondek or the Friedman test in the urine studies. 

A negative female sex hormone reaction was obtained when the fetus was dead (twenty- 
three cases) and a positive reaction when the fetus was alive (eight cases). The results here 
were 100 per cent correct. 

A negative pregnancy reaction was obtained when the fetus was dead in eleven cases, 
and ten cases gave positive reactions in spite of dead fetuses (approximately 50 per cent 
correct ). 

The female sex hormone blood determination has proved itself in our small series an 
absolute indicator of whether a fetus is alive or dead. The urine pregnancy test is of value 
only when the reaction is negative. 

The presence or absence of the hormones depends on the degree of involution of the 
placenta and its attachment to the uterine wall. 


PNEUMONIA, Significance of the Newly Classified Types of Pneumococci in Disease, 
Sutliff, W. D., and Finland, M. J. A. M. A. 101: 1289, 1933. 


This general survey of the incidence of twenty serologically specific strains of pneumo- 
cocei and of hemolytic streptococci, staphylococci and Friedlander bacilli in the pneumonia 
cases in a general hospital in an interepidemic period shows that each one of these organisms 
may cause the disease. The rare type-specific pneumococci numbered from IV to XX are 
consistently present in the sputum and lesions in certain cases of lobar pneumonia and 
bronchopneumonia. The presence of such pneumococcus strains in the sputum of patients with 
pneumonia is a reliable indication of their presence in the lung. 

Exact etiologic diagnoses of pneumococcic pneumonia were made by the use of seventeen 
of the new typing serums, in a group of cases in which this has heretofore been impossible, 
amounting to 30 per cent of the total number of lobar pneumonia cases, and in 65.1 per cent 
of the relatively little understood and important group of bronchopneumonia and secondary 
pneumonia. 

The order of frequency of the six most frequent pneumonoccus types in pneumococcic 
lobar pneumonia is as follows: I, II, III, VIII, V and VII, making together 84.1 per cent 
of the cases, and the order of frequency of the ten most frequent types in pneumococcic 
bronchopneumonia is: III, VIII, XVIII, X, V, VII, XX, II, XI and XIV, making alto- 
gether 81.1 per cent of the cases. The six types most frequent in lobar pneumonia are also 
those most frequent in the whole series and have been given more attention than the others. 

Certain individual characteristics of the pneumonias caused by the new pneumococcus 
types from IV to XX are brought out and compared with the better known Types I, I! 
and III. The three most frequent of the newer types are V, VII and VIII. Type V makes 
up 5 per cent of the total of pneumocoecic pneumonias or empyemas and causes either pneumonia 
or empyema in 96 per cent of the cases in which it is found and leads to purulent complica- 
tions in 28 per cent of the pneumonia cases. Type V is associated with lobar pneumonis 
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‘ather than bronchopneumonia in only 81 per cent of the cases, in which respect it resembles 
nost of the newer types. Its age distribution is quite irregular and without the usual pre- 
onderance in middle life. Type VII is associated with pneumonia or empyema in only 80 
ver cent of the cases but leads to purulent complications in 11 per cent, a rather high pro- 
ortion of these pneumonia cases. Type VIII is associated with pneumonia or empyema in 
0 per cent of the cases in which it is isolated and has a low mortality in lobar pneumonia, 
‘3.8 per cent, but, owing to an average bronchpneumonia mortality of 67 per cent, has a 
otal mortality near the average. 
The experience afforded by the bacteriologic classification of this series of pneumonia 
ises has indicated that the pneumonias due to different serologic strains of pneumococci and 
‘xe to other organisms may be regarded as separate entities. By identifying such organisms 
, every case, the clinician may make accurate etiologic diagnoses and prognoses, the epidemi- 
‘‘ogist may unravel the factors affecting the organism and the patient leading to the develop- 
1, ent of atypical and secondary pneumonia, and the physician may apply the large amount of 
i. formation about pneumococeus type specificity to the cure of and protection from pneumo- 
coceie infections. 


PNEUMONIA, Epidemiology of, Prevalence of Specific Strains in Immediate Family Con- 
tacts, Smillie, W.G. J. A. M. A. 101: 1281, 1933. 


In a study of over a thousand persons, Type I and Type II pneumococci were found 
to be much more prevalent in the nasopharynx in immediate family contacts of cases of lobar 
pneumonia due to the homologous type than in the population at large. 

The higher types of pneumococci—Types III to XIX, inclusive, were just as prevalent 
in the throat in the general population as in the family contacts of cases of pneumonia due 
to these specific types. The types most frequently encountered were III, VI and XVIII. 

The whole group of pneumococci was less prevalent in the late summer months than in 
the winter and early spring. No one type of pneumococcus showed any deviation from the 
general rule in seasonal distribution. 

Poor economic conditions, with resultant overcrowding, did not, per se, increase the 
prevalence of any one specific type of pneumococci in contacts of pneumonia due to the 
homologous type. 

The studies suggest that epidemics of family colds have some relationship to the 
prevalence of the homologous types of pneumococci in contacts of lobar pneumonia due to 
Type I and Type II. 


LEUKOCYTES: An Unusual Hematologic Reaction to Neoarsphenamine, Rich, M. L. 
J. A. M. A. 101: 1223, 1933. 


In a ease of acute thrombocytopenic purpura following an injection of neoarsphenamine, 
a smear taken three hours after the injection showed, in addition to the thrombocytopenia, 
the presence of numerous degenerated neutrophilic cells. There was also evidence of intense 
marrow stimulation. These conditions quickly disappeared. It is concluded that neoarsphen- 
amine at times has not only a toxie depressant action on the bone marrow but also a de- 
structive action on some of the circulating elements of the blood, and that the neutrophilic 
cells as well as the platelets are susceptible to its action. 


TUBERCLE BACILLI, Routine Culture of the Urine for, Seidman, L. R. J. Urol. 30: 2: 
195, 1933. 


This is a study of cultural methods in comparison with guinea-pig inoculation. The 
routine method used was as follows: 

Ten cubic centimeters of the suspected urine, collected by catheter, are transferred by 
pipette, under sterile precautions, to each of 2 centrifuge tubes, and centrifugalized at high 
speed for thirty-five to forty-five minutes. The clear supernatant fluid is then decanted, 
the sediment smeared on a clean new slide, and after fixation with heat, stained by Ziehl- 
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Neelsen. If no acid-fast bacilli are found after careful search a guinea pig is inoculate: 
subcutaneously in the groin, with an emulsion of the remaining sediment in 1.0 ¢.c. of norma! 
saline. The guinea pigs are examined weekly for the development of a gross lesion at the 
site of inoculation, and enlarged inguinal nodes. When these become definite, the animal is 
killed, an autopsy performed, and the lesions examined for acid-fast bacilli. If gross lesion: 
do not develop, guinea pigs are killed, and autopsies done two months after inoculation. 

All specimens, whether positive or negative, were cultured. 

From a study of 89 specimens from 45 cases the following conclusions were drawn: 

Eighty-nine specimens, from 45 cases, 81 of them bladder or kidney urine, were cultured. 
Tubercle bacilli were isolated from 60, or 67.4 per cent, of the specimens, and from 39, or 
86.6 per cent of the cases. In 14 of the positive cultures, no acid-fast bacilli had been seen 
in the direct smear of the concentrated sediment. From 14 specimens, in which acid-fast 
bacilli had been seen in the direct smear, no growth was obtained. In 15 specimens, in 
which both culture and direct smear were negative, the inoculated guinea pigs developed 
tuberculosis. 

Growth of tubercle bacilli was obtained on Corper’s crystal violet potato cylinder from 
54.0 per cent of the positive sediments, on Petroff’s coagulated egg medium (without gentian 
violet), from 69.1 per cent, and on Sweany’s milk meat infusion, egg and cream medium 
from 71.6 per cent. Corper’s potato is a more satisfactory medium than these results in- 
dicate. 
Five per cent oxalic acid, and 3 per cent sodium hydroxide proved better as digestants 
than 6 per cent sulphuric acid, both in the percentage of isolations, and in the average time 
required for the appearance of growth. All 3 reagents were equally efficient in destroying 
secondary contaminants. 

The shortest interval for the primary isolation of tubercle bacilli by culture was sixteen 
days. Growth was obtained within three weeks in 18.3 per cent of the positive specimens, on 
7.0 per cent of the inoculated culture tubes. 

For the reasons discussed, guinea pig inoculation still appears to be superior to cultures 
for the diagnosis of tuberculosis in suspected cases. 

No avian strains of tubercle bacilli were recovered. Strains from 18 cases were of the 
human type, and the remainder showed the growth characters of the mammalian organisms. 


LUNG, Primary Carcinoma of, Hruby, A. J., and Sweany, H. C., Arch. Int. Med. 52: 497, 
1933. 


An epidemiologic and clinical study has been made of primary cancer of the lung, with 
reports of 13 cases, 12 of which were unquestionably primary in the lungs and bronchi and 
1 primary in the ovary. There has been an approximately tenfold increase in the number of 
eases of cancer of the lung coming to autopsy within the last forty years, and a twofold 
increase in the last ten years. There is no valid evidence, however, to prove an increase in the 
general incidence of the disease except where there is contact with radioactive dust (Schnee- 
berg and Joachimstal miners). The increase that has occurred may be partly accounted for 
on the basis of (1) the increased life expectancy from forty-three to fifty-eight years in ap- 
proximately the last half century; (2) a better knowledge of the causes of other pulmonary 
diseases (e.g., the knowledge resulting from the discovery of the tubercle bacillus); (3) 
better diagnostic equipment (x-ray apparatus, bronchoscope and similar equipment); (4) 
increased zeal on the part of the medical profession and laity (better hospitalization, better 
transportation and other factors); (5) a changed attitude on the part of the pathologists in 
recognizing as primary carcinomas tumors that were once called metastases and sarcomas. 
It is not justifiable therefore to claim an increase in cancer of the lung until all the unknown 
factors are studied (such as the relative number of cancers of the lung that oceur in rural 
districts). 

For a diagnosis, reliance should be placed on a gradually appearing cough (commonly 
in men past middle life), followed by a variable but constant pain, and expectoration of sputum 
frequently streaked with blood, all of which may be accompanied with or followed by dyspnea. 
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Other less common signs are anorexia, fever, loss of weight, symptoms due to pressure 
(dysphagia and aphonia) and a variety of symptoms due to metastases. The physical signs 
reveal the presence of a gradually increasing bronchial tumor, with limitation of motion of the 
afeeted side, slight or no moisture at first, decreased breath sounds distal to the bronchial 
oostruetion, hyperresonance above, dullness, and ultimately flatness over the tumor. The 
reentgenogram reveals a gradually progressing growth of tumor out from the hilus or along 
a bronchus, and the growth may be diffuse or circumscribed. The endoscopic view reveals a 
‘*woody’’ or fixed bronchus, and study of a bronchoscopic section generally clinches the 
d:agnosis. 

The laboratory examination should first reveal a scant or mucoid sputum, sometimes 
sireaked with blood or tinted with hemoglobin, free from tubercle bacilli. Later, tumor 
ells should be found in the sputum or pleural fluid. Such early findings offer the only 
o portunity for permanent therapeutic aid. 

A pertinent observation has been recorded pertaining to distant metastases from cancer 
of the lung. They seem to depend on the rapidity and extent of the growth of the primary 
tumor into a pulmonary vein. 


UREA CLEARANCE, Test in Pregnancy, Cantarow, A., and Ricchiuti, G. Arch. Int. Med. 
52: 637, 1933. 


Determinations of urea clearance were made in thirty-nine cases of normal pregnancy 
and in seven cases of chronic glomerulonephritis and one of myocardial failure complicating 
pregnancy. 

In the normal group, the urea clearance values ranged from 28 to 184 per cent of the 
average normal as established by Van Slyke and his associates. 

The urea clearance, which was normal in the first few months of gestation, diminished as 
pregnancy progressed, being rather consistently low a few days before the onset of labor. 
High values were obtained during the early days of the puerperal period. 

It is suggested that these findings may be dependent on changes in total metabolism 
and protein metabolism, fetal development and alterations in the rate and volume of blood 
flow through the kidneys. 

It is further suggested that the laws governing the elimination of urea in the nonpreg- 
nant state, which form the basis of the mathematical calculation of the blood urea clearance, 
may not apply to the pregnant state because of the physiologic changes mentioned. 

Subnormal clearance values obtained during the last two months of gestation must be 
interpreted with extreme caution, particularly in the absence of clinical or laboratory evidence 
of renal dysfunction. 


CARCINOMA, Breast, The Bases for Histologic Grading of, Haagensen, C. D. Am. J. 
Cancer 19: 285, 1933. 


In a series of 164 cases of carcinoma of the breast, which was exceptionally advantageous 
for the study of the relationship of histologic structure to prognosis because of the remark- 
ably complete follow-up data and because of the superior quality and the large number of the 
histologie sections, a careful analysis has been made of the prognostic significance of fifteen 
different histologic characteristics. Six of these characteristics have been found to have a prob- 
able relationship to the end-result of the treatment. These significant characteristics are, 
in fact, similar to those which Hansemann originally proposed for the determination of grade 
of anaplasia. The factors of fibrosis and lymphocytic infiltration, more recently stressed in 
tumor grading, have been found to be without prognostic import. 

On the basis of these six significant histologic characteristics, it would appear that breast 
carcinomas can be classified into three grades of malignancy, in which the increasing grade — 
of anaplasia parallels an increasing grade of malignancy as evidenced by the tendency of the 
tumor to metastasize and kill the patient at an early date. 

It should be remembered that prognosis based on this type of histological evidence can- 
not claim a mathematical accuracy. It should be regarded only as an approximation, and a 
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rough one at that. The phenomenon of malignancy which we are attempting to measure is , 

biological one, and does not lend itself to exact measurement in mathematical terms. Mor. - 

over, the extremes, that is the Grades I and III, should be given more weight than Grace 
II, the less definite middle class into which a great proportion of breast carcinomas fall. 

This knowledge gained from histologic grading should not be regarded as in any sens» 
competing with the clinical data bearing on prognosis, to which it is, of course, subordina:» 
in importance. Histologic grading should rather be considered as a new and additional for: 
of information, as a modest but yet valuable increment to the knowledge of the disease. 

' The histological characters above referred to as having prognostic significance are: 

. Papillary character: origin in a cyst formed in a duct. 

. Comedo character: origin mainly within ducts, often with central necrosis. 

. Adenoid arrangement of cells: A, marked; B, slight; C, absent. 

. Variation in size and shape of nuclei: A, slight; B, moderate; C, marked. 

. Number of mitoses: A, few; B, moderate number; C, numerous. 

. Gelatinous degeneration. 
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DIABETES MELLITUS, Characteristics and Trends of Diabetes Mortality Throughout the 
World, Joslin, E. P., Dublin, L. I., and Marks, H. H. Am. J. M. Se. 186: 754, 1933. 


Analysis of available mortality data on diabetes in this country and abroad during the 
present century brings out these main features, ; 

Diabetes as a cause of death has been rapidly growing in importance during the present 
century and is now one of the leading causes of death in this country. 

The mortality from diabetes in this country is higher than in other parts of the world. 

Diabetes death rates are increasing all over the world. 

Most of the deaths from diabetes occur after middle life. Among children and young 
adults, the mortality from the disease is low. It begins to loom large about age forty and 
the rise in the death rates by age thereafter is rapid. 

Up to age thirty-five present death rates of males and females are little different, but 
after that age the rates of women are the higher. This excess of the female death rate in- 
creases with advancing age up to sixty-five, when it is about twice that of males. 

The high diabetes mortality in this country, as compared to other countries is not lim- 
ited to one sex, but is found among both men and women. It is also found to exist at almost 
every age past thirty-five. 

The diabetes mortality among negroes in this country has been increasing at a more 
rapid rate than among whites, and is now not much lower than that of whites. 


SALMONELLA SUIPESTIFER, Infection in a Child, Haynes, E., and Méeks, L. T. Am. 
J. Dis. Child. 46: 1054, 1933. 


It is apparent from a review of the cases described in the literature and the one re- 
ported here that infection with S. suipestifer does not produce any one characteristic clinical 
picture. Most commonly the gastrointestinal tract has been attacked. The symptoms and 
signs when this occurs sometimes resemble those of so-called food poisoning, such as is fre- 
quently caused by S. enteriditis; sometimes they are like typhoid or paratyphoid fever, and, 
in one case reported, the disease resembled bacillary dysentery. Next in frequency is involve- 
ment of the respiratory tract, where the infection may manifest itself as a bronchitis or as 
bronchopneumonia or lobar pneumonia. Symptoms referable to both the gastrointestinal and 
the respiratory tracts may occur together, as happened in the case reported. In addition to 
these more common manifestations, single examples have been reported of suppurative 
arthritis, sudden deafness, inflammation of the soft tissues around the jaw, puerperal infec- 
tion with pleural effusion, peripheral neuritis and infarcts of the kidneys. Since infection 
with S. suipestifer can apparently cause a considerable variety of clinical manifestations, it 
seems advisable that in the investigation of any case of obscure fever, especially those as- 
sociated with gastrointestinal symptoms, bacteriologic studies should be carried out with par- 
ticular reference to this organism. 
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-ALCIUM AND PHOSPHORUS, Blood, Concentration of in Serum of Normal Children, 
Schoenthal, L., and Lurie, D. K. Am. J. Dis. Child. 46: 1038, 1933. 


A study of the calcium and phosphorus of the blood serums of 250 normal children 
om five to sixteen years of age was made. There was no change in the level of calcium 
relation to age. Phosphorus showed a significant decline, beginning with the fifteenth 
\var of life. This occurred to a more marked degree in the girls than in the boys. ' 

No clear-cut relation between the levels of calcium and phosphorus and growth was 
und. 

The spontaneous variation of calcium and phosphorus was of the same magnitude as 
at seen after the ingestion of an ordinary breakfast. 

Administration of viosterol in dosages of from 10 to 40 drops daily, or of 1 quart of 
polk, did not regularly increase the levels of calcium and phosphorus in these children. 


PERITONEAL INJECTIONS, Changes in the Composition of Fluids Injected Into the 
Peritoneal Cavity, Schlecter, A. J., Cary, M. K., Carpentieri, A. L., Darrow, D. C. 
Am. J. Dis. Child, 46: 1015, 19233. 


The changes occurring in electrolytes of various solutions when injected into the 
peritoneal cavity of dogs and guinea pigs were studied. The following solutions were used: 
(1) 0.9 per cent sodium chloride; (2) a mixture of sodium chloride, sodium carbonate and 
potassium chloride resembling interstitial fluid; (3) Hartmann’s solution of sodium chloride, 
potassium chloride, calcium chloride and sodium lactate and (4) 5 per cent dextrose solution. 

In each case the solutions injected into the peritoneal cavity underwent alterations in 
electrolyte concentration which indicate that they tend to approach the composition of 
interstitial fluid. 

Electrolyte solutions were absorbed at an approximately constant rate, but the dextrose 
solution increased in volume before being absorbed. 

It is pointed out that isotonic dextrose solutions undergo such great alterations in con- 
centration and volume that subcutaneous or intraperitoneal injection probably is injurious 
to delicate tissues. 


B. TUBERCULOSIS, Inhibitory Effect of Normal Blood on Growth of at Incubator Tem- 
perature, Corper, H. J., and Vidal, C. B. Am. Rev. Tuberc. 28: 878, 1933. 


The growth of human and bovine tubercle bacilli on good media is inhibited by normal 
blood from dogs or rabbits. This inhibition is more evident with small numbers of bacilli 
than it is with large numbers and it is more evident on inspissated egg yolk than it is on 
potato. 

The effect is due to the development of toxic autolytic products from normal blood, and 
is absent when the blood has been treated with one or two volumes of 6 per cent sulphuric 
acid for one-half to one hour at 37° C., which destroys the autolytic enzymes, followed by 
neutralization with isotonic sodium bicarbonate solution (or other nontoxic alkalies). Re- 
gardless of the treatment, however, accurate determination of the number of tubercle bacilli 
placed in blood is not possible by counting the colonies which this blood will yield on good 
media suited to growing small numbers of human and bovine tubercle bacilli from fine 
suspensions. 
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EDITORIAL 


Sulphydryl and Cellular Multiplication 


N A SEARCH for further knowledge concerning the causation of cancer a 
group of investigators in Philadelphia have made a most interesting and 
important observation concerning the manner in which living cells are stimu- 
lated to reproduce themselves. The bearing of this observation on cancer is 
obvious if we realize that cancer is a disease in which the living cells of the 
body take on the capability of multiplying unrestrainedly and at the expense 
of surrounding tissues and organs. However, the immediate practical result 
of the research turns out to be in an entirely different field of medicine. 
The investigation, conducted in the Research Institute of the Lankenau 
Hospital, was first directed to purely scientific attempts to study the division 
of living cells. The tissue that presented itself as being particularly appro- 
priate for this was the root tip of the common onion. After a long period of 
investigation it became apparent that if some sulphur compound were made 
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readily available in the fluid in which the roots were growing the cells thereof 
would multiply more rapidly. Conversely in the absence of a sulphur compound 
reproduction was slowed down. It was found that the best sulphur compound 
for this purpose was the combination of sulphur and hydrogen, termed sul- 
phydryl. Doctors Hammett and Reimann suspected that this might actually 
be the compound which stimulates cells to divide and multiply, since it is 
present in all living tissues. 

While sulphydryl can in no way be looked upon as the cause of cancer, and 
as yet, no way seems clear to utilize this knowledge (such as by the restriction 
of sulphydry] in the food, or the administration of some substance that would 
neutralize its effect), for the practical application of this knowledge in the pre- 
vention or cure of cancer, the knowledge does represent one forward step in our 
halting progress of the study of this malady. 

It is most interesting that glutathione, a substance containing a sul- 
phydryl group in its chemical make-up, is present in all animal tissues. Gluta- 
thione contains the amino acids cysteine, glutamic acid, and glycine. The 
sulphydryl group occurs in cysteine. Cysteine is most abundant in the liver, 
an organ of unusual cellular activity and in epithelial structures, particularly 
hair. It is highly concentrated in wool and especially concentrated in human 
hair. It probably accounts in part at least for the rapid growth of human hair. 

But it is equally interesting that it has been demonstrated that gluta- 
thione, with its constituent cysteine, is present in cancers in quantities almost 
as large as those found in the liver. 

Hammett and Reimann have shown not only that the cells of the onion 
plant are stimulated by sulphydryl to reproduce, but likewise the normal 
tissue cells of man and the living cells of bacteria. Recently two independent 
workers at the National Institute of Health, Doctors Voegtlin and Chalkley, 
have demonstrated that glutathione serves equally well as a stimulant for 
reproduction of the ameba. The evidence appears to be accumulating that 
sulphydryl or some compound containing sulphydryl does actually stimulate 
multiplication of any type of living cell no matter what its nature. 

The immediate practical application of this knowledge has been in the treat- 
ment of cutaneous ulcers which have either failed to heal or are healing very 
slowly under other methods of treatment. 

Reimann applied dressings soaked with sulphydryl compounded with glu- 
cose (thioglucose) in the treatment of indolent ulcers which had resisted other 
methods. He found that while the edges of the uleer tended to heal due to 
proliferation of the adjacent skin, bacteria infecting ‘the wound also multi- 
plied vigorously, apparently due to the sugar content of the thioglucose. He 
then changed his combination of sulphydryl, hitching it up chemically with an 
antiseptic, cresol, in the form of parathiocresol. He then achieved excellent 
healing. Later it was observed that glutathione itself would do as well. 

Brunsting and Simonsen of the Mayo Clinic in an effort to find a substi- 
tute for the expensive glutathione discovered that cysteine itself was equally 
efficacious. They extracted cystine from human hair by hydrolysis and con, 
verted it into cysteine hydrochloride. This was used on the wet dressings ap- 
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plied to wounds. They found eysteine not only as efficient as thiocresol but 
less irritating to the adjacent skin and free from unpleasant penetrating odor 
of burnt rubber that is a feature of the iatter. 

The cysteine treatment of bed sores, ulcers following burns, slowly healing 
carbuncles, ulcers from injuries, uleers from x-ray burns, scrofulous sinuses, 
and the like is materially improved. Skin grafts show a decidedly bette: 
‘‘take.’’ In a series of 200 cases treated with cysteine, a decided stimulation t 
healing due to the cysteine was observed in 50 per cent, while in an addi 
tional 25 per cent, the beneficial effect was reported as promising. The cysteine 
treatment of ulcers is not a substitute but an adjunct to the other well-estab- 
lished procedures. 

One can readily understand that sulphydryl compounds should not be 
used in the treatment of cancerous ulcers. 

It is interesting in connection with the practical application of our knowl- 
edge of the action of the sulphydryl group in the treatment of the skin, to 
realize that the skin and its appendages are naturally rich in sulphur and also 
that dermatologists have long used sulphur, thus unconsciously attempting to 
stimulate the tissues of the skin to greater activity. 
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